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L GENERAL INTRODUCTION 
1.1 liquid crystals 
Among the large number of known organic materials a class of chemical com-
pounds exists which do not pass into a clear isotropic liquid at the melting point. When 
melted these compounds are observed to change to a turbid liquid. The opaque appear-
ance is due to the anisotropic character of this state. At a higher temperature the tur-
bidicity disappears, whereupon the liquid shows the normal transparency. The transi-
tion occurs at a distinct temperature, called the clearing point, and has been found to be 
of the first order. This fourth phase, called mesophase, is characterized by the fact that 
it possesses both the rheological properties of a fluid and some of the crystalline prop-
erties of a solid. Materials possessing a mesophase consist of rod-shaped molecules. In 
this state the crystalline aspects are caused by the alignment of the anisotropic molecules 
along a preferred direction. For this reason they have often been called liquid crystals. 
Compared with the isotropic liquid phase the orientational order in the liquid crystalline 
phase is long range. 
There are different liquid crystalline phases, dependent on whether, besides the 
orientational order, a positional order is absent or still exists in one or two dimensions. 
The most ordered phase is the smectic phase. In this phase the molecules are arranged 
in equidistant layers, which slip more or less freely over each other. The phase with no 
positional order is called the nematic phase. Here the molecules translate freely, which 
means that the centres of mass of the molecules are not correlated over a long range. 
Because of the alignment of the rod-shaped molecules a macroscopic preferred direction 
can be defined. 
A special type of the nematic phase is the cholesteric phase. In this phase the 
direction of alignment rotates smoothly around a certain direction perpendicular to the 
local axis of alignment. In this way a macroscopic screw axis is defined. The cholesteric 
phase takes its name from the fact that it was first found in cholesteryl derivatives. The 
helical structures occurs because of the presence of asymmetric carbon atoms in these 
compounds. The spatial period of the screw sense, called the pitch, is comparable with 
optical wavelengths. However cholesteric ordering can also be induced by solving opti-
cally active molecules in a nematic. The induced pitch depends on the concentration and 
is related to the optical rotary power of the optically active material. The various phases 
1 
are shown in Fig. 1.1. It happens very often that a given compound can be found in 
both the smectic and the nematic (cholesteric) phase. Then the smectic phase is the one 
with the lowest temperature. 
cholesteric 
Fig. 1.1 Arrangement of the molecules in the smectic, 
nematic and cholesteric phase. 
The substances, in which the phase transitions are induced by a change of the 
temperature, are called thermotropic. When the transitions take place reversibly on 
heating or cooling, the systems are called enantiotropic, though the transition from the 
mesophase to the solid phase is usually accompanied by supercooling. Some liquid crys-
tals are only liquid crystalline on cooling, and are called monotropic. 
Besides these liquid crystals, which exist in a certain temperature range there are 
materials that are liquid crystalline when certain rod-shaped organic compounds are 
dissolved in an appropriate solvent. These systems are called lyotropic. The parameter 
which induces the phase transition is the composition of the solution. Typical examples 
are soap molecules dissolved in water and aqueous solutions of some biological units, i.e. 
desoxynbonucleic acid (DNA) and certain viruses. In the soap-water systems the aliphatic 
part of the molecules avoids the water, while the polar heads tend to be in close contact 
vuth the water molecules. To satisfy these two opposite requirements clusters or double-
2 
-layers arc formed. In these types of packing the aliphatic chains are near each other and 
the ionic parts point outwards. In the biological lyotropic systems the length-to-width 
ratio is quite large. In the tobacco mosaic virus (TMV) the length and width are about 
3000 and 200 A, respectively. For thermotropic substances this ratio is about four. 
In this thesis our attention is exclusively confined to phenomena in the cholesteric 
phase of thermotropic liquid crystals. 
1.2 Chemical structure of thermotropic liquid crystals 
As mentioned above, the molecules that give rise to liquid crystalline behaviour 
have an elongated shape. They normally consist of two or three para-substituted phenyl 
rings connected by a bridging group. The general formula of a two-ring system is given in 
Fig. 1.2. Commonly the R-groups represent alkyl-, alkoxy-, acyloxy- or cyano-groups. In 
Table 1.1 some of the most common classes are shown. 
It should be remarked here that the first compound which was found to possess 
thermotropic liquid crystalline behaviour at room temperature was a Schiff base com-
pound, named 4-methoxy benzylidene-4'-butylaniIine (MBBA). This liquid crystal was 
-©-*-©-' 
Fig. 1.2 General formula of a 
liquid crystal consisting of two 
para-substituted aromatic rings. 
TABLE 1.1 
Some types of nematic liquid crystals 
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Schiff bast 
azoxy 
azo 
stilbene 
ester 
biphenyl 
synthesized for the first time in 1968 Many chemical compounds which are liquid crys­
talline at room temperature are now known By mixingtwo or more suitable compounds 
it is possible to obtain mixtures with a wide liquid crystalline range around room tem­
perature Recently liquid crystalline compounds with a cyclohexane ring instead of a 
phenyl ring were synthesized These new materials are of great interest for application 
in liquid crystal displays (LCD) 
In nature the cholesteric phase always occurs with cholesteryl derivatives of the 
general formula 
R 
These molecules have at least one asymmetric C-atom, which is essential for the occur­
rence of the chiral structure of the mesophase In contrast with the linear phenyl struc­
ture the nngs are here not aromatic The molecules, however, are still rod-shaped and 
the centre part is rigid These two characteristics appear to be of great importance for 
the occurrence of liquid crystalline behaviour As remarked before, the helical structure 
of the cholesteric phase does not only occur in cholesteryl derivatives, but can also be 
induced by adding cholesteryl compounds or optically active molecules to a nemaoc 
Thus, the pitch can be changed over several orders of magnitude The expenments des­
cribed in this thesis have been performed on cholesteric structures of this kind which are 
also called chiral nematics 
1.3 The properties of liquid crystals 
In nematic liquid crystals the long axes of the rod-shaped molecules are, on average, 
aligned parallel to each other The direction of alignment is described by a unit vector, 
called the director η In nematics the director states η and - η are fully equivalent, while 
the medium is um-axially symmetric around η Due to thermal fluctuations the mutual 
alignment is not perfect The degree of alignment is described by the order parameter 
S The latter is defined as the expectation value of the second order Legendre poly­
nomial S = Va < 3cos20 - 1 > , where Θ is the angle between the long molecular axis 
and rt, and the angular brackets denote a statistical average In the perfect crystalline 
state we have S= 1, while in the isotropic liquid phase it holds S = 0 In the nematic 
phase S has an intermediate value which is strongly temperature dependent As a conse­
quence of the ordering the medium gives rise to an amsotropy in various macroscopic 
properties, such as dielectric and optical properties 
^ 
4 
Choosing the ζ axis parallel to n, these properties can be represented by a second-
-rank tensor A, given by: 
к о 0 
A = 0 AL 0 , (1.1) 
0 0 A/ 
where A/ and AJL are the elements parallel and perpendicular to n, respectively. The 
anisotropy ΔΑ = A | — A^ is related to the order parameter and thus depends on the tem­
perature. In the neighbourhood of the clearing point the anisotropy decreases sharply, 
while near the melting point the anisotropy has the highest value. Examples of aniso­
tropic quantities are the diamagnetic susceptibility χ, the dielectric constant e, the 
refractive index η and the electric conductivity о. Apart from a few exceptions, the 
diamagnetic anisotropy is positive. The dielectric anisotropy varies, depending on the 
chemical structure, from - 5 to + 30. The birefringence, which is always positive, is 
about 0.2, which is relatively high compared with other biréfringent materials (e.g. for 
quartz Δη = 0.02). 
1.4 Liquid crystals oriented in thin layers between glass plates 
The director η of a liquid crystal denotes the average orientation of the long 
molecular axes in any local region of the fluid. Clearly the director has no preference for 
any direction, η will change throughout the bulk. If a liquid crystal, however, is inserted 
between two parallel glass plates with a width of the order of 100 μτη a uniform specific 
alignment of the director can be obtained in the whole layer. This behaviour is achieved 
by a proper treatment of the glass plates. The molecules near the walls are forced to 
orient in the required direction. This orientation is transmitted to the rest of the layer 
via the intermolecular interactions. In this way different bulk orientations can be 
produced, depending on the surface treatment. These orientations, which have different 
optical properties, are called textures. 
An important example of a uniform aligned state is the so-called planar texture. 
In this texture the director is parallel to the cell walls and points in a given direction. In 
Fig. 1.3a the uniform orientation is in the plane of the figure. The fluid has the optical 
properties of a uniaxial single crystal. The "head" and the "tail" of the director can be 
interchanged without changing the observable fluid properties. 
If a cholesteric liquid crystal is inserted between glass plates treated for planar 
boundary conditions, the helical axis is perpendicular to the glass plates. This texture is 
called the cholesteric planar or Grandjean texture (Fig. 1.3b). In such a layer the num­
ber of helical turns d/p (d is the layer thickness) must have an integer or half-integer 
value. This number is as close as possible to the number which should exist without the 
boundary constraints. 
«f s ? | f 
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Fig. 1.3 Side view of a liquid crystalline layer; a) uniform 
planar texture of a nematic liquid crystal, b) cbolestenc 
planar texture. 
1.5 Optical properdes of the cholesteric texture 
The helical structure of cholesteric and chiral nematic liquid crystals gives rise to 
rather unusual optical properties. As early as 1905 Otto Lehmann [1] discovered that 
these liquid crystals have a remarkably high optical rotatory power; this optical rotatory 
power is orders of magnitude higher than the intrinsic rotatory power of the constituent 
optically active molecules. Besides, these liquid crystals show strong selective circular 
dichroism, already found in 1905 by Alsleben [2]. In a small wavelength region left- or 
right-handed (dependent on the screw sense of the helix) circular polarized light incident 
along the helical axis is almost completely reflected, whereas the remaining component 
is almost completely transmitted. The reflection band, which usually has a width of a 
few hundred Angstroms, separates regions of opposite rotatory power. When illuminated 
with white light cholesteric films usually exhibit brilliant dispersive reflection colours. 
This can be understood in terms of Bragg reflection. The optical properties of choles-
terics have been explained by de Vries [3]. He found that the reflection band is situated 
around a mean value 
λ 0 = η ρ 1 (1.2) 
η being the mean refractive index and ρ the pitch. The width of the reflection band is 
determined by 
Δλ = Δηρ, 
where Δη is the birefringence; in cholesteric compounds Δη % 0.05. 
Moreover he showed that the optical rotation of linearly polarized light propaga­
ting along the helical axis, which is taken to be along the ζ axis, is given by 
6 
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Ψ _ ff
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where α = — , , e = Уа (с/ + «χ) and ψ is the angle between the polarization planes of 
the incident and the outgoing wave. Eq. (1.3) is only valid in that region outside the re­
flection band where λ/ρ > α. If ρ > λ and Δη = η/ - ηχ is small we obtain by putting 
ε
 = ν,(
η/
2+
ηί
2) 
Η ir (Δη)2 
òz ~ 4
 λ
2 Ρ · (1.4) 
Using Eqs. (1.2) and (1.4) one can determine the pitch in cholesteric textures by means 
of optical measurements. 
1.6 Electric field-induced perturbations in cholesteric layers 
It has been known for many years that the orientation pattern of liquid crystals 
can be changed by magnetic and electric fields. This phenomenon arises because of the 
diamagnetic, dielectric and conductivity anisotropy of liquid crystals. Consider for 
instance a liquid crystal with a positive dielectric anisotropy (c/ > e¿) and a planar 
orientation between two glass plates. If we apply an electric field perpendicular to the 
director, the molecules tend to align with the largest of the dielectric constants along the 
field direction. Due to the boundary constraints the change of alignment occurs at a 
certain threshold voltage (Vc). The original state is obtained by switching off the field. 
In the case where Δε < 0 we should expect for the above-mentioned reasons that 
the texture would be stabilized. Nevertheless it has been found that in this case, too, 
instabilities can be generated by an electric field in a reversible way. These instabilities 
can be understood in terms of an induced space charge pattern due to the anisotropics 
of the conductivity and dielectric permittivity. The threshold for these instabilities is 
frequency-dependent (Fig. 1.4). Below the relaxation frequency (f,.) of the induced 
space charges the threshold is rather low, above this frequency the threshold is com­
paratively high. Due to the birefringence the change of alignment can be visualized by 
virtue of a variation of the refractive index for the transmitted light. These electro-
optical effects can be observed very simply in liquid crystalline layers sandwiched 
between two glass plates which are kept apart at a fixed distance by an appropriate 
spacer (Fig. l.S). The electric field is generated by means of a voltage across two trans­
parent electrodes deposited on the inner side of the glass plates. Prior to assembling the 
cell the electrodes are coated with a polymer film in order to induce a uniform align­
ment of the liquid crystal. 
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Fig 1 4 The threshold voltage for the 
electrohydrodynamtc distortion m a 
planar liquid crystalline layer versus the 
frequency of the applied field 
Fig 1 5 Cross-section of a liquid crystal dtsphy 
When a cholestenc liquid crystalline layer is sandwiched between glass plates 
treated for planar orientation, the helical axis will be perpendicular to the substrates 
(Fig 1 6a) This cholestenc planar texture is completely transparent Upon application 
of an electric field parallel to the helical axis a deformation nucleates above a certain 
voltage (Fig 1 6b) This deformation is observed under a polarizing microscope as a 
square grid pattern [4] (Fig 1 7) In the case of a cholestenc liquid crystal with a 
positive dielectric amsotropy a further increase of the field changes the orientation of 
the helical axis to a direction perpendicular to the applied field (Fig 1 6c) and sub­
sequently unwinds the helix inducing the nematic phase [5,6] (Fig 1 6d) When the di­
electric amsotropy is negative a square grid pattern is caused by space charge-induced 
hydrodynamic forces [7,8] In the case of a relatively small negative dielectnc amsotro­
py (say — 1 < Δε < 0) a further increase of the electric field accomplishes a turbulence 
8 
¡π the cholesteric texture, which gives rise to an intense scattering of the incident light 
(Fig. 1.6e). In Fig. 1.8a it is shown how the transmittance of a light beam across the 
layer varies as a function of the applied voltage. Ifthe voltage ц switched off after induc­
tion of this turbulence, the layer remains in a light-scattering disturbed texture (Fig. 1.9), 
Δ ε > 0 
Fig. 1.6 Schematic representation of the electric field-induced dis­
tortion of a cholesteric planar texture. 
Fig. 1.7 Square grid pattern observed in a 
cholesteric planar texture perturbed by an 
electric field. 
often called the fingerprint texture, in which the helical axis is, on average, aligned 
parallel to the electrodes [9,10] (Fig. 1.60- This is in contrast to the nematic case where 
the original state occurs directly after switching off the field. The transparent planar 
texture can be restored by applying a voltage with a frequency f above the relaxation 
frequency f
c
 and an amplitude below the threshold for distortion (Fig. 1.6g). In that 
frequency region the space charge-induced turbulence is absent (Fig. 1.4). This electro-
optical effect can be used as a storage mode in liquid crystal displays [9]. 
In contrast to the effects described above, we found [11] in a cholesteric layer 
with a larger negative dielectric anisotropy (Δε < _ 1) that when the voltage is increased 
9 
Voltage Voltage 
(a) (b) 
Fig. 1.8 Light transmittance across a cholesteric layer as a 
function of an applied electric field; a) liquid crystal with 
Δε = - 0.6, b) liquid crystal with Ae = - 5. 
• ^ ' . , - , • • · ' 
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Fig. 1.9 The "fingerprint" memory texture in 
a cholesteric liquid crystalline layer. 
the square grid perturbation is not followed directly by turbulence. On the contrary, 
one observes a sequential occurrence of new planar regions in which the number of 
helical turns has increased and square grid perturbations. In Fig. 1.8b it is shown that 
these transformations cause an alternating decrease and increase of the transmittance of 
light across the layer. At higher voltages we observed that the sequentially induced 
planar textures become increasingly less stable. Finally electrohydrodynamic turbulence 
occurs, with which we were ultimately able t o induce the fingerprint texture [12], 
1.7 Purpose and contents of this thesis 
During the last ten years there have been many investigations on the phenomenon 
of the square grid perturbation, being the first stage of the field-induced distortion of 
cholesteric planar layers. This perturbation is described by Bouligand (13] as a defor­
mation of the helical axis which extends more or less sinusoidally in two directions 
perpendicular to each other. Theoretical calculations performed by Helfrich [14,15] 
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and Hurault [16] resulted in the prediction that the square of the threshold voltage 
for this perturbation is proportional to the number of helical turns across the planar 
layer. Experimental results reported by Amould-Netillard and Rondelez [17] were 
found to be in agreement with this relation. However, several authors (18,19,20] ob-
served that a boundary-induced contraction or dilation of the pitch also has a strong 
influence on the threshold value. This effect could not be predicted by the theory of 
Helfrich and Hurault. Furthermore the sequential occurrence of planar regions and 
square grid patterns which is found if the applied electric field across a cholesteric layer 
with a relatively large negative dielectric anisotropy increases has not yet been described. 
The purpose of this thesis is to discuss the influence of the boundary-induced 
deviation of the pitch in cholesteric planar layers. Further the transition from the 
square grid perturbation to planar regions which occur under the influence of electric 
fields will be examined. From the results obtained an analysis will be given of the 
mechanism responsible for the generation of the fingerprint memory texture. 
Chapter II deals with an extension of the Helfrich-Hurault model which describes 
the influence of pitch contraction and dilation on the threshold for the square grid per-
turbation. The experimental conditions and practical techniques used are reported in 
Chapter III. In Chapter IV the equation for the threshold voltage of the square grids as 
derived in Chapter II is compared with experimental data. The experiments in Chapter 
IV have been performed in wedge-shaped sample cells. In such cells a uniform variation 
of the liquid crystalline layer thickness exists. In this way the influence of the pitch 
deviation is determined quantitatively. Moreover, the size of the square grid perturba-
tions has been measured and compared with an equation derived in Chapter II for the 
periodicity of the sinusoidal distortion. In Chapter V attention is paid to the phenom-
enon of the alternating occurrence of square grids and planar regions with pitch con-
traction in the cholesteric texture of liquid crystals with a relatively large negative 
dielectric anisotropy. Finally, in Chapter VI the generation of the fingerprint texture is 
discussed. A systematic study of the perturbations in a cholesteric planar layer with 
different numbers of helical turns appears to reveal some of the conditions necessary for 
induction of the fingerprint memory. 
U 
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II. CALCULATION OF THE STATIC DISTORTION IN PLANAR ORIENTED 
CHOLESTERIC TEXTURES 
2.1 Continuum theory of nematic liquid crystals 
The most important phenomenon of liquid crystals is the long-range orientational 
ordering of the anisotropic molecules. When a nematic liquid crystalline layer is per­
turbed the variation of the director η generally occurs over much larger distances than 
the molecular length. The free energy density of the distorted state is therefore com­
monly described in terms of a continuum theory, developed by Zocher [1], Oseen [2] 
and Frank [3]. This phenomenological theory is analogous to the continuum theory of 
the elasticity of solids. The starting point of this theory is the equilibrium state of a 
nematic, i.e. a state with- parallel alignment of all the local directors. The distorted state, 
then, is described by a variable director η (г). The director varies slowly and consequent­
ly a quantitative description of the perturbed state can be given in terms of the curva­
ture strains 3n
a
/3x^(a, β, = 1, 2, 3), where Xj , X2 and X3 are the three orthogonal axes 
of a Cartesian coordinate system. In the equilibrium state it holds everywhere 
Эпд/Эхр = 0. The free energy density of the distorted state can be wrinen by as 
F = F«» + fd, (2.1) 
where F and F*0* are the free energy densities of the distorted and equilibrium state, 
respectively, while f¿ denotes the additional energy due to the distortion of the original 
equilibrium state. The function fd can be expanded in a Taylor scries. Because of the 
slow variation of the director η (г) only the lowest order terms have to be considered. 
The resulting expression can be further simplified because fd must satisfy the following 
requirements: 
a) The lowest order terms must be quadratic in dng/dxß, because we expand around 
the equilibrium state òna/dxa = 0; 
b) fd must be even in na , since the states n a and — n a are equivalent; 
c) fd must be a scalar quantity. 
With these constraints Frank has shown that, neglecting the surface terms, the contribu-
tion of the distortion to the free energy per unit volume in a nematic can be described by : 
fd = %\ КцОіі η ( З ) 2 + K 2 2 (n (^ . rot η (τ))2 + K33(ïf(3xrot η<?))2\ , (2.2) 
13 
where the material constants Kj j , K22 and K33 are the three elastic constants for the 
basic distortions, splay, twist and bend, respectively. These distortions are illustrated in 
Fig. 2.1. The methods for determining K J J , K22 and K33, also called the Frank elastic 
constants, will be described in Chapter III. 
\|/ L· ä 
splay 
K,, 
twist bend 
Кая 
Fig. 2.1 The three basic types of distortion in a director field: 
splay (dh) η (τ) ΦΟ), twist (η (r) .rot η (г) ΦΟ) and 
bend (η (г) χ rot η (r) Φ 0). 
Applying the elastic continuum theory to cholesteric liquid crystals a term has to 
be added to the twist term. This is due to the fact that the equilibrium state of a choles­
teric liquid crystal is characterized by a non-vanishing twist. If we choose the ζ axis 
parallel to the helical axis of a cholesteric layer, the components of the director η (г) are 
n
x
(r) = cosi? 
n y(r) = sin φ (2.3) 
n
z
$ = 0 , 
where φ is the angle between the director and the χ axis of the Cartesian coordinate 
system (Fig. 2.2). Denoting the pitch of the helical axis in the equilibrium state by ρ 0 , φ 
can be written as φ = 2πζ/ρ0 = t0z, where t0 is the equilibrium twist. With this represen­
tation of the director field n ( r ) . r o t n ( r ) is found to be — ÍQ. This suggests that in 
cholesterics the twist contribution to the free energy density has to be written as 
K22(n(7).iotn(^ + t0)2. 
Fig. 2.2 Arrangement 
of the director η in the 
helical structure of a 
cholesteric liquid crystal 
1 4 
In the presence of a magnetic or electric field an additional term has to be added. If 
we consider, for instance, a local region with a director field η (г) making an angle θ 
with the direction of an applied magnetic field Η (Fig. 2.3), the induced diamagnetic 
moments per unit volume parallel and perpendicular to η (r) are given by 
Μ/ = Ηχ/ cos θ 
M i = HXl s i n e · (2·4> 
The magnetization is then 
Й = Х
і
Й
 + Дх(Й.^)п(Л, (2-5) 
where Δχ = χ/ - χ
Α
. The field contribution to the free energy per unit volume is 
- ¿ Âîdîî = - % lxLH2 + Л х Й З . H ) 2 ] . (2.6) 
Since the term - 1/4χ|Η2 does not depend on η (r), this term can be discarded. The free 
energy term, contributing to the distortion energy, is then 
f
m
= - у ^ < п ( З . Й ) 2 . (2.7) 
Likewise we obtain for the electric field contribution to the free energy density 
f
e
= - ^ - ( ^ . ? ) 2 , (2.8) 
where Де = e/ — e¿. 
Concluding, the free energy density due to the distortion reads in the presence of 
external fields 
f = f d + f m + f c = 
= У,К
и
(аі п(ті)2 + гК22(п (r). rot n ( 3 + і^Ч ' ¿ ^ ( n ^ x r o t п(Л)2 
- %Δχ(η (Л • Η)2 - ^ - (η (ïj . t)2. (2.9) 
β "¿, γσ # Fig. 2.3 Orientation of the local 
" /O ^ v t s director я (rj with respect to the ex-
"/i <s /? temal magnetic field direction. 
" ' * ' 
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2.2 The static distortion in chdesteric planar layers 
As already described in Chapter I, a cholesteric planar layer can be perturbed by 
applying electric and magnetic fields with a value above a certain threshold perpendicu­
lar to the layer. This distortion starts with a perturbation which can be observed under a 
polarizing microscope as a square grid pattern [4]. In the magnetic case this distortion is 
induced by a magnetic torque as a result of the positive diamagnetic anisotropy of the 
liquid crystal. In liquid crystals with a positive dielectric anisotropy the electric field-
induced distortion mechanism is similar, whereas in liquid crystals with a negative Ae 
the square grid perturbation is produced by electrohydrodynamic torques. In that case 
the conductivity anisotropy Δσ must be positive. 
A theory for the static distortion was first proposed by Helfrich [5,6] and sub­
sequently applied by Hurault [7]. The resulting equations for the threshold field in the 
magnetic case, H
c
, and the spatial periodicity of the square grids at threshold, λ, are: 
Δ χ ( г K22KÎ3) p d . (2.10) 
.2 _ /3 к »
 ч
% . 
Ь = ( Τ ν ) P d · 
2 κ22 (2.11) 
where ρ = d/m is the actual pitch and d is the thickness of the layer. 
Therefore, the square of the threshold voltage V
c
 of an applied electric field 
should be proportional to the number of helical turns m across the planar layer, 
V
c
2
 = (E
c
d) 2 « d/p = m. However, several authors [8,9,10] observed experimentally 
that a boundary-induced contraction or dilation of the pitch also has a strong influence 
on the threshold value. A contraction of the pitch shifts the threshold to a higher 
voltage, whereas a dilation decreases the threshold voltage. These effects were observed 
in wedge-shaped sandwich cells. In such sample cells (see Chapter IV) regions exist 
where the pitch changes continuously from ρ 0 - Δρ to p 0 + Δρ. 
In the following section we discuss an extension of the Helfrich-Hurault theory 
which includes the case of pitch contraction and dilation (see also Ref. 11). 
2.3 Calculation of the sinusoidal déformation 
Following Helfrich [5,6] and Hurault [7] we describe for simplicity the static 
distortion as a sinusoidal deformation extending in a direction perpendicular to the 
helical axis. In this section the calculations are performed for the one-dimensional 
case, but, as discussed later on, they also hold for the two-dimensional square grid per-
turbation. The model used [11] consists of a cholesteric planar layer of thickness d with 
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uniform rigid boundary conditions (Fig. 2.4) and m helical turns across the layer, where 
m equals an integer or half-integer value. A helical tum is defined as a 2ir rotation of the 
У/////////////////////////////////. 
wmmmm/mm 
Fig. 2.4 Geometry of the distortion in the choles-
teric planar layer. _^  
director. At the boundaries both the y and the ζ component of the director η (F) are 
zero. The ζ axis of the Cartesian coordinate system is chosen parallel to the helical axis. 
The actual pitch ρ imposed on the cholesteric material by the boundary conditions is 
given by ρ = d/m. Related with the pitch ρ and the thickness d are the wave numbers 
t = 2ir/p and q = π/d, respectively. A magnetic field Η is applied perpendicular to the 
layer, i.e. parallel to the ζ axis. The sinusoidal deformation with a period λ is taken in 
the χ direction. The corresponding wavenumber is к = 2π/λ. 
The threshold value H
c
 of the magnetic field and the wavenumber к of the sinus­
oidal deformation can be approximately calculated in the following way. Represent the 
director η (r) as 
¡TO-
"„(3 
ny(r) 
nz(3 
= 
COS φ COs(tZ - {;) 
cos φ sin(tz - f ) 
sin φ 
(2.12) 
where φ denotes the angle between (n (r) and its projection on the xy plane and tz - ξ is 
the angle between its projection and the χ axis. Both φ and £ are functions of only the 
coordinates χ and z, because the sinusoidal deformation is taken in the χ direction. They 
satisfy the boundary conditions 
ψ = { = 0 atz = 0 andz = d. (2.1}) 
Clearly the unperturbed state is described by ψ = ( = 0. At the onset of the sinusoidal 
deformation both φ and £ start to deviate from zero. Thus we may approximate η (r) in 
the neighbourhood of the threshold by _>._»._» _,. _,. _^  
п(г) = п0(г) + вп(г), 
where n0(r) describes the undistorted state and 6n(r) the resulting distortion of this 
state, n0(r) . 6n (r) = 0. It holds that 
no(r) = 
cos tz 
sin tz 
0 
; δ ^ = 
(sin tz 
- £ cos tz 
Φ 
(2.15) 
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As described in Section 2.1, the Frank free energy density for a cholesteric 
texture in a magnetic field is given by 
f = '/»Knídivn (Π)2 + У2К22(п(Л . rot η (Π + to)2 
+ %K33(n(nxrotn(3)2-%Ax(n(3.ïî)2 . ( 2 1 6 ) 
where tg denotes the natural twist and η (r) the local director. The natural twist to is 
related to the natural pitch through t 0 = 2π/ρ0. Substitution of (2.12) into (2.16) and 
keeping the terms up to second order in φ,ξ and their derivatives with respect to χ and ζ 
gives the following approximate expression for the Frank free energy density : 
f = %K 2 2 ( t- to ) 2 + 'ΑΚ-ηΦζ2 + VHKJJ cos2tz + K22 sin 2tz)^ x 2 
+ , / а К22$г2 + 4(Кзз cos2tz + K11 sin2tz)fx2 - 1Λ[ΔχΗ2 - Kjjt2 
+ 2Κ2 2 Ι(Ι-Ι 0 )]ψ 2 + К Ц sin Ιζψ ζ ί χ -Κ33 tcostz^J,, 
- K22 sin tz ψχ iz + K2 2(t - t0)[sin tz ψχ - cos tz{ ψχ 
+ c o s t z 0 {
x
- f j , (2.17) 
whereto = ^ - (^ = φ, Ç;a= χ, y, ζ). 
Because of the cholesteric nature of the material the components δη., and 6n
z
 will 
proceed in a helical fashion along the χ axis, while their ζ dependence will be the same 
in a first approximation. The dependence of ( on ζ can be approximated by sin qz, being 
the first Fourier component that satisfies the boundary conditions. Concluding, f and ψ 
may be taken in a first approximation as 
f = a sin qz cos kx, (2.18a) 
ψ = b sin qz cos tz sin kx, (2.18b) 
where the ratio between the amplitudes a and b, and the wavenumber k are determined 
by the requirement that the distortion free energy must be minimal. Substitution of 
(2.18) into (2.17) gives rise to the following mean free energy density: 
f = У
а
К 2 2 ( і - і 0 ) 2 + ^ - Ь 2 4 K 1 1 ( q 2 + t 2 ) + (3K33+K 2 2 )k 2 
8 К 2 2 Ч
2 + 4 ( К 3 , + K1j)k2] u 2 - 4 [ д х Н 2 - К з , і 2 + 2 ^ 1 ( 1 - 1 0 ) ] 
8 ( К з , + K
n
) k t - 1 6 K 2 2 ( t - t 0 ) k ] u . ( 2 1 9 ) 
+ 
+ 
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where it was assumed that t > q. The ratio between the amplitudes u = a/b is determined 
by dF/3u = 0. Assuming that к > q, one has 
u = - Î- . (2.20) 
к 
Substitution of (2.20) into (2.19) yields the following approximate expression for the 
threshold field H
c
 : 
4ΔχΗ
Ε
2
 = К 2 2 [ 8 ф 2 + к2 + 8t(t-to)] + SKjjk2. (2.21) 
In this expression the Kli term is left out of account because of the assumption \<d. 
The wavenumber к is obtained by putting ЭН
с
2/Эк = 0
І
 which is equivalent to mini­
mizing f with respect to k. A simple calculation results in 
,
 8 K 2 2 ,% 
k q t [ K 2 2 + 3K33l • ( 2 · 2 2 ) 
When Eq. (2.22) is substituted into Eq. (2.21) we obtain 
where (1/p - 1/po) describes the influence of the deviation of the pitch from its natural 
value. For the wavelength of the sinusoidal deformation we find via Eq. (2.22): 
(2.24) 
. ) pa. 
^22 
•^2 /2π,2_ 1 3 Kii'¿ , 
λ
2
= ( 1 Γ ) = ( 2 + 2 к ^ ) Pd· 
As for the two-dimensional case, taking a small perturbation in both the χ and the у 
direction, the same results are obtained. This agrees with the experimental results re­
ported in Chapter IV. 
Furthermore it will be clear that in liquid crystals with a positive dielectric ani-
sotropy analogous results can be expected with an electric field when space charge effects 
can be neglected. Replacing 'ΛΔχΗ2^2 in Eq. (2.17) by—r—-—one finds that the 
critical voltage V
c
 = E
c
d is determined by 
».•-^«-кі+іа-)"*«}-}^. <"» 
For a liquid crystal with a negative Δε the distortion of the layer by an electric 
field E
z
, parallel to the helical axis, occurs via electrohydrodynamic instabilities. It is 
thought that these instabilities arise because the applied field Е
г
 induces a space charge 
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on account of the anisotropics of the dielectric permittivity and the conductivity. The 
induced space charge exercises influence in the following two ways: 
1) It generates an additional transverse electric field in the cholesteric layer-, 
2) It produces a torque on the twist of the cholesteric structure because of the viscosity 
of the medium as shown by Helfrich [6]. 
Using the time-dependent formalism of Dubois-Violette, de Gennes and Parodi [12] the 
free energy density connected with the electric field E
z
 appears to be of the following 
form 
f = _ j _ _£ΐΔσ_ Д е о Л ч Ε2 φ2 
4π α, + σ 1 Δσ 1 + ω 2 τ (2.26) 
2е^а 1 + ω 2 τ Δ 6 / Δ σ 
Of + σ 1 1 + ω 2 τ 2 
Ι ец + ei 
where ω is the frequency of the excitation field and τ = -τ γ , while σ/ and о^ 
denote the electrical conductivities parallel and perpendicular to the director, respective­
ly, and Δσ = σ/ - σχ. Comparing Eq. (2.26) with the electric field term 
f
c
=
- 8 7 ( n - E ) 8 7 Ε * Ψ (2-27) 
we may conclude that Δε in Eq. (2.25) has to replaced by 
(2.28) 
Therefore the critical r.m.s. voltage of an electrohydrodynamic distortion is given by 
2 = 8*1 ^ + ^ ί + ω
2
τ
2
 I
 + I ^I )\2(L_L )d]d. {229) 
e l Δ σ ί+ω2τ^- 2 2 K 2 2 Ρ PO Ρ 
1 + ω τ Δ σ 
The equation for the wavelength of the perturbation is the same as for the magnetic 
field-induced distortion (Eq. (2.24)). 
We notice that with ρ = Po ЗІІ^ without the term 1/2 in the elastic term Eqs. (2.23 ) 
and (2.24) reduce to Eqs. (2 10) and (2.11) as calculated by Helfrich and Hurault. The 
actual pitch ρ in a cholesteric layer sandwiched between substrates with planar bound­
ary conditions, however, is not always equal to the natural pitch ρ 0 . This is due to the 
fact that the number of helical turns d/p has to adapt to the boundary constraints Thus 
in a cholesteric layer in the equilibrium state the term 2(d/p - d/p0) can be Φ 0. As will 
be shown in Chapter IV, this term can have the maximum values + % and - %, de­
pending on pitch contraction or pitch dilation, respectively. Compared with the value of 
1 3 ^33 " the elastic term (r- + r- -zz ) , which is about 2 in the most common liquid crys-¿ ¿ κ22 
tais, we may conclude that a boundary-induced contraction or dilation of the pitch must 
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have a noticeable influence on the threshold voltage for the static distortion. This 
phenomenon was already observed (see Section 2.2). A more quantitative verification is 
described in Chapter IV. 
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III. EXPERIMENTAL METHODS 
3.1 Sample cell preparation 
3 11 Construction of the cell 
The vanous distortions of liquid crystals induced by electric fields are studied in 
thin layers sandwiched between two flat glass plates (Fig 3 1) Prior to assembling such 
sample cells very thin layers (± 2000 Â) of a mixture of I ^ O j and SnC^ are deposited 
on the inner surfaces by thermal evaporation With this material conductive layers with a 
transparency of about 98% are obtained Afterwards ал electrode pattern is made by a 
photolithographic process In this process first a pattern of protective photoresist is 
imposed on the electrodes via shadow-mask techniques, after which the uncovered 
electrode material is etched away in an aqueous solution of HCl, РеСІз and HNO3 Then 
the remaining photoresist is removed In this way sharp electrode edges are obtained 
The electrode pattern used in our experiments is shown in Fig 3 2 
In order to obtain a uniform director pattern in the liquid crystalline layer the 
surface substrates are coated with suitable chemical surfactants The treatments applied 
in this thesis are reported in Section 3 12 The glass plates are separated by an appro­
priate spacer, for which polyethylene foil is used After being heated up to about 120oC 
and sandwiched between the glass plates this foil sticks firmly to the glass surfaces 
The spacing of the glass plates is determined interferometncally The empty cell 
is placed in the light beam from a tungsten lamp Traversing the sample cell the light 
beam undergoes multiple reflections in the spacing between the two glass plates Thus, 
when the intensity of the reflected light is recorded as a function of the wavelength, 
maxima and minima appear At normal incidence of the beam, maxima will occur if 
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Fig. 3.2 Top view of sample cell. 
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where d is the spacing, X¡ is the wavelength of the i-th maximum and kg is an integer. 
After determining the wavelength of the (i + m)-th maximum the spacing can be calcu-
lated from 
. _ m . N+in^i ). (3.1) 
The measurements were done with a Hilger & Watts (Monospek 1000) monochromator 
and a photomultiplier XP-1002. The accuracy was found to be about 0.5%. Sample cells 
with spacings ranging from 10 to 30 цт were used in the experiments. 
3.1.2 Surface treatments for uniform alignment 
In nematic liquid crystals the parallel alignment of the molecules can be described 
by a unit vector, giving the average orientation of the long molecular axes. Without any 
precautions this unit vector, called the director, may point in any direction. In order to 
get a specific orientation in the sample cells the surfaces have to be treated with appro­
priate surfactants. These surfactants orient the liquid crystal molecules near the sub­
strates uniformly in one direction. In layers with a thickness up to about 100 μιη com­
plete alignment is obtained via the boundary conditions. The most important surface 
alignments applied in liquid crystal cells are the uniform parallel and perpendicular 
orientations. An inserted nematic liquid crystal, then, exhibits the uniform planar and 
homeotropic texture, respectively (Fig. 3.3). In the uniform planar texture the director 
points in a given direction parallel to the cell walls. As observed in top view, such a layer 
has the optical properties of a uniaxial single crystal. On the other hand the layer looks 
like an isotropic fluid in the homeotropic orientation because of viewing down along 
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(«) (Ь) 
Fig. 3.3 Uniform planar (a) and bomeotropic (b) alignment 
of а nema tic liquid crystal. 
the optical axis. If a cholesteric or chiral nematic liquid crystal is sandwiched between 
glass plates treated for uniform planar boundary conditions, the helical axis is every­
where perpendicular to the boundaries. This texture is called the cholesteric planar tex­
ture or Grandjean texture (Fig. 3.4). Due to the planar boundary conditions the num­
ber of helical turns m (defined as the 2π rotation of the director) across such a layer is 
an integer or half an integer. The number of turns is such that the actual pitch deter­
mined by ρ = d/m is as close as possible to the natural pitch p0. 
Fig. 3.4 Cholesteric planar or 
Grandjean texture 
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In order to achieve the planar alignment we coat the glass plates with a polymer 
film of p-xylylene (fCb^ — ( θ } - CH2 -}-„). The planar orientation in a given direc­
tion is obtained by rubbing the polymer layer in that direction. In this way small parallel 
grooves are incorporated in the rather soft material. As a consequence of this grooved 
pattern the director of the liquid crystal near the walls aligns parallel to the rubbing 
direction, as indicated in Fig. 3.5a, showing a cross-section of a groove. This alignment is 
due to the fact that any other configuration is attended by much larger elastic distor­
tions. Berreman [1] calculated the difference in elastic strain energy. He found that 
between a perfect alignment parallel and perpendicular to the grooves. Figs. 3.5a and 
3.5b respectively, the difference is about 0.5 erg/cm2. Using p-xylylene films the align­
ment of the liquid crystal molecules is also due to the fact that by rubbing the surface 
the polymer chains are stretched along the rubbing direction. Then, the liquid crystal 
molecules align along the stretched polymer chains. 
The homeotropic alignment can be obtained most successfully by covering the 
surfaces with a monolayer of vertical oriented molecules which are bonded chemically 
to the substrates. For this process coupling agents have to be used which consist of a 
long chain with only at one end chemically active groups [2 ). In our experiments the 
glass plates are covered with a perfluorocarbon-silane compound with the formula: 
CFJ(CF2)8C(0)N(H)(CH2)3Si(C)C2H5)j. The coupling of a monolayer of these molc-
/ ' I/ li 
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Fig. 3.5 Alignment of the director in a liquid crystal parallel 
(a) and perpendicular (b) to the rubbing direction. 
cules with the glass plates and electrodes is performed as follows. First the glass plates 
are treated with 1 N solution of KOH in water for about 30 minutes at 500C. After 
the plates have been rinsed with distilled water they are dipped in a solution of 200 ppm 
perfluorocarbon-silane in n-hexane. Finally the plates arc dried, first for 15 minutes at 
60°С and next for 30 minutes at 1200C. As a result of this treatment the hydrolyzable 
silane group attaches to the hydroxy groups of the substrate surface. The configuration 
of such a monolayer is shown in Fig. 3.6. The uniform orientation of the director per­
pendicular to the substrates is a result of the parallel alignment of the liquid crystal 
molecules along the perfluorocarbon chains. 
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Fig. Î.6 Geometrical configuration of a perfluorocarbon-sUane 
attached to the substrate. 
3.2 Detcnnmatíon of the phyncal constants 
Methods for measuring the relevant physical constants of nematic liquid crystals 
are briefly reported below. The experiments described in this thesis were done with 
nematic liquid crystals doped with a small amount of a cholesteric liquid crystal. 
Because of the small concentration used we may properly perform the calculations with 
the constants found in the pure nematic liquid crystal. 
3.2.1 Dielectric permittivity 
The dielectric permittivity of the nematic liquid crystals is measured by a tech-
nique reported in Ref. [3]. The material is placed in a sandwich cell consisting of two 
glass plates covered with evaporated Cu-electrodes. The spacing between the glass plates 
is about SO μιη. The temperature of the cell is controlled by placing it in a heating stage 
connected to a Eurotherm thermostat (type 017). Measurements of capacitance are 
made using a Wayne Kerr Autobalance bridge (type B642) operating at a frequency of 
1592 Hz. The cell is calibrated by measuring the capacitance of standard dielectric 
liquids. In order to obtain the dielectric constants parallel (e;) and perpendicular (c¿) 
to the director of the liquid crystal, measurements are performed in sample cells with 
a homeotropic and planar orientation, respectively. Instead of boundary conditions we 
have to use a magnetic field in order to induce both orientations in the same cell. Since 
the diamagnetic anisotropy is positive, the homeotropic alignment is obtained when the 
magnetic field is perpendicular to the electrodes and the planar alignment is obtained 
when the negative field is parallel to the electrodes. A magnetic field of 13 kOe is 
applied, which is sufficiently strong for perfect alignment. In the same way the con-
ductivity parallel and perpendicular to the director can be measured. 
3.2.2 Refractive indices 
The perpendicular (ordinary) refractive index n¿ of a liquid crystalline material 
can be easily determined using an Abbe refractometer. However, the parallel (extra-
27 
ordinary) component η/ is difficult to measure with the refractometer. The functioning 
of this apparatus is based on internal reflections at the interface of the liquid and an 
optically dense glass prism. Therefore the maximum measurable refractive index is that 
of the glass. However, the parallel refractive index in the liquid crystals used is larger 
than that of the glass in the refractometer. A second difficulty precluding the use of the 
refractometer for the measurement of n/ is that perfect alignment of the liquid crystal 
cannot be obtained at the surface of the prism, because the surface cannot be treated 
with special surfactants. 
Fig. 3.7 Sample cell f or birefringence measurement. 
A quite different way to obtain n/ is to measure the birefringence Δη = π/ - п^  in 
a wedge-shaped sandwich cell [4] (Fig. 3.7). In this cell the director of a uniform planar 
layer, chosen as the y direction of a Cartesian coordinate system, is oriented perpen­
dicular to the aperture of the wedge. The χ coordinate is in the direction of the wedge. 
The sample cell is illuminated by linear polarized light propagating in the ζ direction. 
The polarization direction makes an angle of 45° with the χ coordinate. The phase angle 
between the components parallel and perpendicular to the optical axis after traversing 
the biréfringent layer is given by 
Anxtga 
* = 2 ) г ( -
Т
— ) ,
 a 2 ) 
where λ is the wavelength of the light beam in vacuum and a the wedge angle. When 
the propagating light is viewed through an analyzer, either parallel or perpendicular to 
the polarizer, maxima and minima will be shown when the detector is shifted along the 
χ direction. Two successive maxima or minima with mutual distance Δχ which corre­
spond with a phase difference of 2w. Thus Δη is determined by 
=
 _λ 
Δxtgα 
(3.3) 
The wedge angle α is measured prior to filling the cell via the uniformly spaced fringes 
observed by exposure in monochromatic sodium light at normal incidence. 
3.2.3 Elastic constants 
In Chapter II we saw that the bulk elastic properties of a liquid crystal are deter­
mined by the elastic constants for splay, twist and bend deformation, denoted by Kjj, 
K22 and K33 respectively. These elastic constants can be measured by observing the 
deformation of uniformly aligned liquid crystalline layers under the torque of applied 
magnetic fields. Consider for instance the configuration sketched in Fig. 3.8a. Since the 
diamagnetic anisotropy (Δχ) is positive the magnetic field will distort the planar texture. 
This distortion starts at a critical field H
c
, given by [5]. 
For the threshold fields of the configurations shown in Figs. 3.8b and 3.8c the splay 
elastic constant Kjj has to be replaced, respectively, by the twist elastic constant K22 
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Fig. 3.8 Configurations f or determining the elastic constants of 
sphy (a), twist (b) and bend (c). 
and the bend elastic constant KJJ. These equations have been obtained under the as­
sumption that the orientation near the boundaries does not change under the influence 
of the applied field, i.e. that the director is strongly anchored at the surfaces. It is there­
fore very important to use surfactants which give the strongest anchoring of the liquid 
crystal at the walls. In order to calculate the elastic constants both the thickness d and 
Δχ have to be known. The thickness of the cell is measured interferometrically. This 
method was reported in Section 3.1.1. The diamagnetic susceptibilities were measured 
using the Faraday-Curie method. More details about the determination of the diamag­
netic susceptibility and elastic constants can be found in Ref. [6] and Ref. [7], respec­
tively. 
3.3 Determination of the pitch in cholesteric planar layers 
In unperturbed cholesteric liquid crystalline layers a uniform helical structure 
exists. In pure cholesterics the pitch, i.e. the distance over which the director rotates 
2π, has the magnitude of the wavelength of light. Such a situation gives rise to selective 
reflection leading to bright colours. When a nematic liquid crystal is added the pitch can 
be changed to larger values. The pitch then depends on the composition of the mixture. 
If, however, a cholesteric liquid crystal is inserted in a sample cell consisting of glass 
plates treated for planar orientation, the pitch will mostly deviate somewhat from its 
natural value p0. The number of helical turns across the layer has to be adapted to the 
fixed planar boundary conditions. The actual pitch ρ that occurs can be determined 
by measuring the selective reflection or optical rotatory power of the incident light (see 
Section 1.5). Since this thesis is confined to the study of cholesteric layers with a rather 
long pitch (p > 2 μιη) only the optical rotation measurements are applied. These mea­
surements are performed with a polarizing microscope. The sandwich cell is illuminated 
by plane-polarized light made monochromatic by means of an interference filter. The 
rotation of the polarization plane after traversing the liquid crystalline layer is detected 
with an analyzer. The intensity of the transmitted light is recorded as a function of the 
position of the analyzer with respect to the polarizer. After plotting the results in a 
polar diagram the rotation of the polarization direction can readily be determined. The 
polarizing microscope used is a Reichert Мер2. The light transmittance at the spot 
viewed under the microscope is measured by means of a phototransistor and displayed 
on a voltmeter. 
3.4 Measurement of the natural pitch via the Cano wedge method 
As mentioned already, the pitch in a cholesteric planar texture is not usually 
equal to the natural pitch. A method to find the natural pitch is the so-called Cano 
wedge method. The liquid crystal is inserted between a flat glass plate and a plano­
convex lens (Fig. 3.9). The glass surfaces have been covered with the polymer p-xylylene 
and afterwards they have been nibbed unidirecrionally. In this way uniform planar 
boundary conditions are obtained. Then, after inserting the cholesteric material a num­
ber of circular-shaped threads occur around the centre of the lens, where the spacing 
between the two surfaces is zero. The threadlike lines, called Grandjean-Cano lines, 
occur as a consequence of a discontinuity of a half in the number of helical turns across 
the liquid crystalline layer [8,9]. In the strip between two successive Grandjean-Cano 
lines the number of helical turns is constant, while the pitch is contracted at the narrow 
side and is stretched at the wide side The natural pitch p0 can be derived as follows. In 
the Cano wedge the layer thickness d
n
 at the n-th disclinadon line from the centre is 
given by 
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Fig. 3.9 Cross-section afa Cano wedge. 
I Vi 
г. ^ 
d
n
 = R - R 2 - r
n
2
, (3.5) 
where R denotes the radius of the lens and r
n
 the distance from the n-th line to the 
centre. If R > r
n
 we have 
Po - d n + 2 - d n (3.6) 
Substitution of Eq. (3.5) in Eq. (3.6) gives 
Po= K V 
which may be approximated by 
- | R 2 - r 2 
η+2 
_ Γ η
2 + 2 - Γ η 2 
PO - 2R 
(3.7) 
(3.8) 
The measurements were made with a Reichert polarizing microscope equipped with a 
measuring table. 
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IV INFLUENCE OF BOUNDARY-INDUCED PITCH CONTRACTION AND 
DILATION ON THE STATIC DISTORTION OF THE CHOLESTERIC 
PLANAR TEXTURE 
4.1 Introduction 
A few years ago Amould-Netillard and Rondelez [1] investigated the static dis­
tortion of planar oriented cholesteric layers. They found that the critical voltage at 
which the distortion starts in an electric field is proportional to d/p, where d and ρ are 
the thickness of the layer and the actual pitch, respectively. This relation appeared to 
agree with the equation for the threshold voltage calculated by Helfrich [2,3] and 
Hurault [4] (see Section 2.2). The experiments were done in cholesteric planar layers 
sandwiched between parallel glass plates. In such cells the layer thickness is constant 
everywhere. At the same time, however, several authors [5,6,7] found that a small 
change of the layer thickness in regions with constant d/p already resulted in a rather 
large variation of the threshold voltage for the static distortion. A boundary-induced 
contraction of the pitch shifted the threshold to higher values, a dilation of the pitch 
decreased the threshold voltage. These effects could not be predicted by the equations 
derived by Helfrich and Hurault. 
As shown in Chapter II, the calculations based upon an extension of the Helfrich-
Hurault theory have resulted in equations for the threshold field and the wavelength 
of the perturbation that include the influence of pitch contraction and pitch dilation. In 
this chapter these equations are compared with experimental data. The experiments are 
done in wedge-shaped sandwich cells, in which a continuous change of layer thickness 
occurs. 
4.2 Experimental conditions 
The experiments were performed with two different liquid crystalline mixtures, 
a liquid crystal with a positive dielectric anisotropy and a liquid crystal with a negative 
dielectric anisotropy. The liquid crystal with the positive dielectric anisotropy was 
4<yano-4'-n-heptyl biphenyl, available as K21 from the BDH company. The clearing 
point of this nematic liquid crystal was 420C. The static dielectric anisotropy and the 
elastic constants for twist and bend were respectively Ae = + 11.0, K22 = 8 . 0 x ] 0 " 7 
dyne and K33 = 23.0x10"7 dyne at 250C. The elastic constants were taken from 
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reference [8]. For the liquid crystal with a negative dielectric anisotropy a mixture of 
68 wt % of 4-butoxy-4'-tf-heptyl-0í-cyano-traní-stübene and 32 wt % of 4-ethoxy-4'-B-
hexoxy-CK-cyano-traHS-stilbene was used [9]. This mixture is nematic between 15 and 
58CC. The dielectric constants were measured as a function of temperature. The results 
are plotted in Fig. 4.1. The twist and bend elastic constants were found to be, respec-
tively, K22 = 5.2 ± О.ЗхЮ"7 dyne and K33 = 9.6 ± 0.4xl0~7 dyne at 250C. 
12 
10 
8 
6 
) 30 4 0 5 0 6 0 
Τ CO 
Fig. 4.1 The static dielectric permittivities of the a-cyanostilbene 
mixture reported »я Section 4.2. 
A conducting material was solved in the a-cyanostilbene mixture. The resulting mean 
conductivity σ was 2xl0~'íí~1cm"1 . The ratio σ//σ^ was found to be 1.25 ± 0.5. 
These liquid crystals were made choiesteric by adding cholestcryl nonanoate (CN). 
For small concentrations of CN(< 10 wt %) the induced pitch p 0 was found to be 
proportional to the reciprocal value of the concentration of the added cholesteric com­
ponent. In Fig. 4.2 l/p0 is plotted versus the CN concentration. The pitch was deter­
mined by means of the Cano-wedge method, mentioned in Section Э.4. In the two 
nematic liquid crystals 2.3 wt % CN was dissolved. The natural pitch appears to be 
6.9 ± 0.2 μιη in the biphenyl liquid crystal and 3.3 ±0.2 μτη in the ot-cyanostilbcnc 
mixture. The liquid crystals were inserted in wedge-shaped sample cells which consisted 
of two glass plates coated with transparent electrodes. The inner surfaces were treated 
for planar alignment and subsequently rubbed unidirectionally. In Fig. 4.3 the rubbing 
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direction is perpendicular to the plane of the figure. A small uniform variation of the 
spacing in one direction was obtained by placing a spacer at only one edge of the cell. 
At the opposite edge the rims of the upper and lower glass plate were glued together. In 
such cells the cholesteric planar layer exhibits many equally-spaced threadlike dis-
dination lines. Two kind of disclinations can be observed: the so-called single and 
6 [CN] — 
(wt%) 
Fig. 4.2 Tbe reciprocal value of the natural pitch p0 as a function of the 
concentration of tbe added cbolesteryl nonanoate; 
a) in tbe bipbenyl mixture-, b) in tbe ot-cyanostilbene mixture. 
Grand|ean-Cano lln·· 
Fig. 4.3 UnidirectionaUy rubbed wedge-shaped 
sample cell. Tbe cholesteric planar layer pos-
sesses equally-spaced single Grandjean-Cano dis-
clination lines. Tbe open circles, shaded circles 
and triangles denote tbe positions of tbe cor-
responding threshold voltages and grids in tbe 
figures f. 7, 4.9, 4.10 and 4.11. 
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double Grandjean-Cano lines [10] The single lines always occur at the narrow side of 
the wedge, whereas the double lines are found at the wide side of the wedge [11]. These 
lines are formed as a consequence of a discontinuity in the number of helical turns At 
the single lines the number of helical turns changes by one half, at the double lines a 
jump with a whole helical turn occurs The pitch has the natural value p0 in the middle 
of a strip between two successive disclination lines and increases towards the wide side 
of the cell, whereas the pitch decreases towards the narrow side. 
The observations were made using a polarizing microscope The measurements 
were performed at a temperature of 250C and with an electric field having a frequency 
of 50 Hz 
4.3 The Grandjean-Cano disclmations 
Commonly a variation of the director field in the bulk of a liquid crystal takes 
place over rather long distances Sometimes, however, the molecules are forced to 
change the alignment of their long axes rather more abruptly This discontinuity over 
a few molecular lengths, called a disclination, can be located in a point as well in a line. 
In cholesterics the disclmations are complex because of the helical structure In order 
to describe the different disclinations in cholesteric textures a method is usually applied 
which was introduced by Volterra [12] long ago. Using this method Friede! and Kléman 
[13] described some of the most frequently occurring disclinations They started from 
the four basic line defects in the cholesteric structure presented in Fig 4.4. Here the 
Fig 4 4 Structures of the line defects m cbolestertcs, using the Volterra metbod The 
figure shows a cross-section of a cholesteric layer Solid lines = director in the plane of 
the figure Dots = director perpendicular Nails = tilted director 
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helical axis bes in the plane of the figure The solid lines indicate the places where the 
director is in the plane of the figure, at the dots the director is positioned perpendicular 
to the plane of the figure, the nails indicate an intermediate orientation, ι e they make 
an angle with the normal to the plane Two kinds of defects can be generated λ and r 
lines If the defect occurs in the cholestenc plane where the director is parallel to the 
disdinaoon line (perpendicular to the figure), it is called a λ line, if it occurs in the plane 
with a perpendicular director orientation the defect is called а τ line The important 
difference between the two lines is that the director pattern is continuous in a λ line 
There is no abrupt change of the director pattern, ι e there is no core singularity On the 
other hand a r line has a core and, thus, a higher line energy By combining the λ and τ 
lines in four pairs Fnedel and Kléman revealed the spatial construction of the Grandjean-
Cano dischnauon lines observed in a wedge The combinations are shown in Fig 4 5 In 
Figs 4 5a and 4 5b the single Grandjean-Cano lines are shown, whereas the double 
Grandjean-Cano lines are indicated in Figs 4 5c and 4 5d As to the four possible 
combinations, only the double Grandjean-Cano line with the λ" λ* defect pair does not 
possess a singularity This means that this disclinaoon line is energetically more favour­
able than the other lines shown m Fig 4 5 In thick cholestenc layers Ç> 100 μπι), 
(a) (b) 
(c) (d) 
Fig 4 5 Combmatwns of line defects m single (a,b) and 
double (c,d) Grandjean-Cano dtscltnatton Unes 
therefore, double disclinaoon lines are observed much more frequently than single dis­
clinaoon lines, as was pointed out by the Orsay group [14] 
4.4 Results 
In order to investigate the influence of pitch contraction and pitch dilation on the 
threshold voltage for the static distortion of the cholesteric planar texture experimen­
tally, measurements were performed in wedge-shaped sample cells. In the sample cells 
used the cholesteric planar layer exhibits many single Grandjean-Cano disclination lines. 
The pitch has the natural value ρ0 in the middle of the strips between the disclination 
lines [15]; thus we have here d/p = d/p0. At the wide side of a strip we have 
d/p = d/p0 - 1/4 and at the narrow side of a strip d/p = d/p0 + 1/4. 
Upon application of an increasing electric field across the cholesteric planar layer 
the occurrence of the perturbation always starts at the wide side of the strips between 
the Grandjean-Cano lines (see Fig. 4.6). A further increase of the field induces a uniform 
expansion of the perturbation to the narrow side. In Fig. 4.7 the square of the threshold 
voltage at which the perturbation starts in the K21/CN mixture is plotted as a function 
of the number of helical turns d/p = m. The values near the Grandjean-Cano lines at the 
wide and narrow side of the strips are represented by the open circles and triangles, 
respectively. The threshold voltage in the middle of the strips, where ρ = p 0 , is given by 
the shaded circles. The corresponding theoretical values, calculated with Eq. (2.25) in 
Fig. 4.6 Application of an electric field across a 
cholesteric layer sandwiched in a wedge-shaped sample 
cell. At the wide side of the strips between the dis­
clination lines the square grid perturbation occurs, 
whereas the layer is unaffected at the narrow side. 
Section 2.3, are given by the solid curves. In this case Eq. (2.25) is used because space 
charge-induced distortions are absent. It should be remarked here that the distortion 
pattern in regions with a small number of helical turns across the layer looks totally 
different from the pattern observed in regions with a large number of helical turns. 
In strips with d/p = 14, 1 and ІУ2 the perturbation starts with a striped pattern (Fig. 4.8), 
whereas in layers with more helical turns the well-known square grids occur. In all strips, 
however, a good agreement exists with the calculated values. 
Fig. 4.7 Threshold dependence on the number of helical turns d/p = m 
across the cholesteric pbnar layer of the K21/CN mixture in a wedge-
shaped sample cell. The open circles and triangles are, respectively, the 
values at the wide and narrow side of the strips between two successive 
single Grandjean-Cano lines. The shaded circles are the data in the middle 
of these strips. The solid curves are the corresponding values calculated 
with Eq. (2.25). The dashed curve represents the calculations made with 
Hurault's theory. 
Fig.4.8 Striped perturbation pattern in the strips of a 
wedge-shaped sample cell. The stripes in the upper 
part are the perturbations in a strip with d/p = I 
in the lower part with d/p = У* 
The same experiments were performed in the o-cyanostilbene/CN mixture. The 
results for the threshold voltage are shown in Fig. 4.9. The calculated values using Eq. 
(2.29) are represented by the solid curves. For σ//σ^ and εχ the measured values of 
1.25 and 11.0, respectively, were used to calculate V
c
2
 ; furthermore it was assumed that 
ω
2
τ
2
 < I. 
oucyanostilbene* 2.3 wt X CN 
> 
300 
200-
100 
Fig. 4.9 Dependenee of the tbresbold voltage at low frequency on the 
number of helical turns across the cbolesteric planar layer of tbe 
ot-cyanostilbene/CN mixture. Tbe open circles and triangles are tbe values 
at tbe wide and narrow side of tbe strips, respectwely. Tbe shaded 
circles are tbe values in tbe middle of these strips. Tbe values calculated 
with Eq. (2.29) are given by tbe solid curves. Tbe dashed curve re­
presents tbe values found with the aid ofHurault's theory. 
In the same wedge-shaped cells we determined the period of the deformation 
wavelength by measuring the size of the square grids. The square of this values vs. pd is 
shown in Fig. 4.10 for the K21/CN mixture and in Fig. 4.11 for the a<yanostilbene/CN 
mixture. The circles are the values on the wide side, the triangles are the values on the 
narrow side of the strips. The solid curves represent the calculated values using Eq. 
(2.24). The dashed curves in Figs. 4.7, 4.9, 4.10 and 4.11 are the values predicted by 
Hurault's theory. The threshold voltages were calculated with Eq. (2.10), applied to the 
dielectric and electrohydrodynamic cases. The periods of the deformation wavelength 
were obtained with Eq. (2.11). The difference between the predictions of our theory 
(solid curves with ρ = p0 in Figs. 4.7 and 4.9 and solid curves in Figs. 4.10 and 4.11) and 
those of Hurault (dashed curve) is due to the presence of the extra term % in the square 
root term of Eqs. (2.24), (2.25) and (2.29). 
In view of the accuracy of ± 5% in the measurements and in the elastic constants 
of the liquid crystals used, there is a good agreement between the experimental data and 
the calculated values. 
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Fig. 4.10 The square of the wavelength of the square grid perturbations 
at threshold versus the product of thickness and actual pitch of the 
KJJ/CN mixture in the wedge-shaped cell. The circles and triangles are 
the values at the wide and narrow side of the strips between the Grand-
jean-Cano lines, respectively. The solid line gives the values calculated 
with Eq. (2.24). The dashed curve represents the calculations wade using 
Hurault's theory. 
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2 0 0 
100-
of.cyanostilbene* 2.3 wt % CN 
p d — • 
Fig. 4.11 Dependence o f the wavelength of the square grid perturbations 
at threshold on the product of the hyer thickness and the actual pitch of 
the a-cyanostilbene/CN mixture in the wedge-shaped cell. The circles and 
triangles are the data at the wide and narrow side of the strips. The solid 
line gives the values calcuhted with Eq. (2.24). The dashed curve re­
presents the values found with Hurault's equation (Eq. (2.11)). 
4.5 Discussion 
From the results reported in the previous section we may conclude that our 
calculations of the static distortion of cholesteric planar textures by external fields is 
quite successful in predicting the threshold and periodicity of the perturbation. With 
the resulting equations we are able to describe the influence of pitch contraction and 
pitch dilation. They represent a considerable improvement of the equations for the 
threshold values, derived by Helfrich and Hurault, which are only valid in textures 
where the actual pitch is the natural pitch. 
In spite of the fact that we performed our calculations assuming ρ < d , the ex­
perimental data in the regions with a small number of helical turns agree with the 
calculated values. Likewise we violated the assumption λ < d, because the periodicity 
of the distortion and the layer thickness are of comparable size in our experiments. 
Nevertheless a reasonable agreement was found. 
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Furthermore, the difference of the distortion pattern in layers with a small or 
a large number of helical turns appears to have no influence on the expected values for 
threshold and periodicity. The striped pattern occurring in layers with d/p3'/*, 1 and 
IVi can be considered as a pattern of a distortion extending in only one dimension, 
whereas the square grids occurring in layers with more helical turns are typical of a two-
dimensional distortion. Therefore we may properly assume that our calculations which 
were performed for a one-dimensional distortion also hold in the two-dimensional 
case, being a superposition of a sinusoidal distortion in the χ and y directions. 
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V. PITCH CONTRACTION IN THE CHOLESTERIC PLANAR TEXTURE OF 
A LIQUID CRYSTAL WITH A LARGE NEGATIVE DIELECTRIC ANISOTROPY 
5.1 Introduction 
It has previously been shown that an electric field applied normal to a planar 
oriented cholesteric layer induces a square grid perturbation of the texture at a thresh­
old voltage V
c
 [1]. The layer may consist of liquid crystal materials either with a 
positive or a negative dielectric anisotropy Δε. If Δε is positive, the square grid pertur­
bation is followed by a further rotation of the helical axis [2] when the electric field 
is increased. This leads to the fingerprint texture, which scatters the incident light 
strongly. At still higher voltages the helix unwinds and the transition to the nematic 
phase takes place [3,4] (see Fig. 1.6). Switching off the electric field leads again to the 
fingerprint texture. This texture gradually passes into the original planar texture. 
[ROTN-ЮО] 
(wt%) 
Fig. 5.1 Tbe dielectric anisotropy Δε in the a-cyanostilbene mix­
ture venus the concentration (wt %) ofROTN-100 at 250C. 
When áe is negative, the square grid pattern is caused by electrohydrodynamic in-
stabilities provided that the frequency of the electric field is below the space charge 
relaxation frequency fc [5,6] (Section 1.6). Λ further increase of the electric field in­
duces pronounced turbulence in the cholesteric texture. When the voltage is switched 
off the liquid crystal again passes into the disturbed fingerprint texture. This state in 
which, on average, the helical axis is aligned parallel to the electrodes (7,8], can be 
maintained for quite a long time. The transparent planar texture can be restored now by 
applying a voltage with a frequency above the relaxation frequency f
c
. At these fre­
quencies the electrohydrodynamic forces, present below f
c
, do not contribute. Thus, 
only the restoring dielectric torque exists. This electro-optical effect can be used as a 
storage mode in liquid crystal displays [7]. A disadvantage of this effect, however, is 
the relatively high voltage necessary to erase the fingerprint texture (about 100 V 
across a layer with a thickness of 20 μπι). The erasing voltage can be reduced by using 
liquid crystals with a large negative dielectric anisotropy, since the torque on the liquid 
crystal during the erasure is proportional to I Ac IE 2 , where E is the applied electric 
field. Until quite recently, however, negative dielectric anisotropics have been limited 
to the range - 1 <; Ae < 0. In this chapter we report on the behaviour of a liquid crystal 
that has a much larger negative dielectric anisotropy, namely Ac — — 5. It is shown that 
the erasing voltage can indeed be reduced considerably in that case. On the other hand 
we found a disadvantageous effect during the induction of turbulence. This effect does 
not fit into the established picture. 
5.2 Experimental conditions 
In our experiments we used the a-cyanostilbene mixture reported in Chapter IV. 
This mixture consists of 68 wt % of 4-butoxy-4'-»-heptyl-e-cyano-t7'e»x-stilbene and 
32 wt % of 4-ethoxy-4'-n-hexyloxy-Oí-cyano-frflní-stilbene. The static dielectric anisotropy 
is - 5.0 at 250C. The refractive indices were found to be nj = 1.77 and П |= 1.54 at 
545 nm and 25eC. The elastic constants for twist and bend are respectively: 
K 2 2 = 5 . 2 ± 0 . 3 x l 0 "
7
 dyne and Kjj =9.6 ± 0.4x10" 7 dyne at 250C. In addition 
experiments were performed with a-cyanostilbene mixtures in which the dielectric 
anisotropy was varied. This was done by additional mixing with the commercially 
available liquid crystal ROTN-100 from Hoffmann-LaRoche, which possesses a high 
positive dielectric anisotropy (Ae = + 25.0 at 250C). The relation between the concen­
tration of ROTN-100 and Ac is given in Fig. 5.1. In order to obtain cholesteric behav­
iour we added 2.3 wt % of cholesteryl nonanoate (CN) to the nematic mixture, resulting 
in a natural pich p 0 of 3.3 ± 0.2 μπι at 25
SC. 
The sample cells consisted of two parallel glass plates with transparent electrodes 
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which were separated by spacers. Prior to assembling the cells the glass plates were 
coated for planar alignment. By rubbing the substrates unidirectionally a uniform 
planar layer was obtained. The boundary conditions then constrain the number of 
helical turns to an integer or half-integer value. 
Observations and optical measurements were performed at 250C. Unless otherwise 
indicated, the frequency of the applied electric field was 50 Hz. 
5.3 SucccHive transformations in the cholesteric planar layer 
In contrast to the effects described in Section 5.1, we found in the a-cyano-
stilbene mixture doped with cholesteryl nonanoate that the square grid perturbation 
(Fig. 5.2a) is not followed by turbulence with increasing voltage. On the contrary, a 
transformation is observed to a new planar texture [9] (Fig. 5.2b and Fig. 5.2c). These 
observations were made in a sample cell with a layer thickness of 20.0 μτη. In that case 
there are six helical turns across the original planar layer. Upon a small increase of the 
voltage after the occurrence of the square grid (V
c
 = 10.0 V) new planar regions appear. 
They nucleate at random positions and gradually dislodge the square grid pattern. After 
a further increase of about 1 volt the square grid perturbation is ultimately only main­
tained in some thin disclination threads (Fig. 5.2d). Observed under a polarizing micros­
cope the new texture is totally transparent. The transmittance of light, however, appears 
to be different from the transmittance in the original planar texture when we illuminate 
with monochromatic light. This is dear from the photographs in Fig. 5.2. The pictures 
show an area which is partly situated between the electrodes. Outside the electrode area 
the original planar texture exists. When the voltage is further increased a new square grid 
perturbation can be induced in the field-induced planar texture. The threshold voltage 
for this new square grid pattern is 17.0 V. These perturbations pass in their tum into a 
planar texture with increasing field. The transition occurs in the same way as observed 
above the threshold of 10.0 V. This texture shows again a higher threshold for square 
grid perturbations: V
c
 = 23.0 V. In Fig. 5.3 the transformations are indicated schemat­
ically with solid arrows. Starting with die original planar texture, denoted with the 
capital A, planar texture В occurs after the induction of the square grid pattern at 
10.0 V. Subsequently planar texture С nucleates in the square grid pattern of texture В 
above the threshold voltage of 17.0 V. At higher voltages this remarkable effect is still 
observed several times in succession, but usually the planar textures become increasingly 
less stable, especially near imperfections. Finally electrohydrodynamic turbulence is 
observed. 
When the voltage is kept constant or slowly increased in a situation where field-
induced texture В has just originated (just above 10 V, Fig. 5.2d), a new planar region, 
AT 
-electrode area 
(a) (b) 
(c) (d) 
Fig. 
(e) (f) 
5.2 The electrohydrodynamic distortions and texture transformations in a 
cholestenc planar layer. The photographs show an area which is partly situated 
between the electrodesof a sample cella) V= 10.5 V. b) V= 10.8 V; c)V= 11.0 V; 
d) V=11.5 V;e) V=12 V;f) V = 0. 
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different from A and C, arises spontaneously in texture В (Fig. 5.2e). This new texture, 
denoted bij В' in Fig. 5.3, nucleates near imperfections (dust particles and electrode 
edges) in the cholesteric planar texture. Texture B' dislodges texture В very slowly via a 
thin disclinadon line. The threshold voltage at which in B' the square grid perturbation 
can be induced is 13.5 V, the mean value of VC(A) and VC(B). The same effect can be 
observed in texture C, achieving C' with VC(C') = 20.5 V. It will be dear that B' and C' 
only occur in В and С provided the voltage is not higher than 13.5V and 20.5 V, respec­
tively. In Fig. 5.3 these transitions are indicated by the dashed arrows. Furthermore it is 
possible to reach texture C' via the square grid pattern induced in the planar texture B', 
and in addition the transition from C' to В is observed. All these transformations are 
shown schematically in Fig. 5.3. The solid arrows indicate the transitions via a square 
grid pattern. The dashed arrows represent the transitions via a disclination line. 
A -
6 
• В * С 
/ \ / 
B' * ¿ 
61 7 7І β f -
VC(A)=10.0 V 
VÇÎBDSIS.S ν 
Vc (В) =17.0 V 
Vc (С") =20.5 V 
VC(C)=23.0 V 
Fig. 5.3 Scheme for the transformations of the original and in­
duced planar regions (denoted by capitals) in the cholesteric mix­
ture. Solid arrows = transformations via the square grid perturba­
tions in an increasing electric field. Dashed arrows: transforma­
tions via a single Grandjean-Cano disclination line. V
c
 is the 
threshold voltage for the square grid perturbations in the corre­
sponding planar region. The number of helical turns across the 
sample layer (d/p = m) in the various planar regions is indicated on 
the horizontal scale; d = 20 μ»». 
When the electric field is switched off after induction of one of the above-
described new planar textures, the original texture A is formed everywhere by dis­
lodging the induced planar texture (Fig. 5.20. This dislodging process follows the 
reverse direction of the solid arrows in Fig. 5.3 (C=i>B^^A) [10]. The transitions, 
however, occur via disclination lines in this case. If we start from the texture C' the 
transition scheme is given by С'=^Ъ'—>A, where the double and single arrows corre­
spond to the shape of the disclination lines, being double or single, respectively. 
The corresponding threshold voltages for square grid perturbations in the 
various planar regions are listed in Fig. 5.3. A remarkable aspect is the relatively 
large increase of the threshold voltages in the newly induced regions. Furthermore 
VC(B') appears to be the mean value of VC(A) and VC(B), while VC(C') is about the 
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mean value of VC(B) and VC(C). Comparing this increase of threshold voltages with the 
results of our calculations in Chapter II we see that it should be ascribed to the increase 
of the number of helical turns across the planar layer, for the term 2(d/p-d/p0) in 
Eq. (2.29) has to increase. This conclusion is verified optically. We measured the optical 
rotation (dtp/dz) of linearly polarized monochromatic light traversing the cholesteric 
planar regions parallel to the helical axis. With the equation for the optical rotation, 
described in Section 1.5, we calculated the actual pitch in the different planar regions. 
As mentioned already, the expression for the optical rotatory power, given by 
3ψ/3ζ = -(ΐΓ/4)(Δη/λ)2ρ, holds in the case p < ( n / 2 Ч-п^Жп/2 -n^JX and λ « η ρ 
(where λ is the wavelength of the incident light and η stands for the mean refractive 
index of the liquid crystal). Because the wavelength of the applied monochromatic light 
is 545 nm, the pitch of the a-cyanostilbene mixture must be smaller than 3.9 Mm. It is 
assumed that the influence of the cholesteryl nonanoate dope on Δη can be neglected. 
With this value (Δη = 0.23) the pitches and the corresponding number of helical turns 
(d/p = m) in the various planar textures were calculated from the optical rotation (Table 
5.1). Due to the parallel planar boundary conditions in the sample cell, m must be an 
integer or half an integer. In the original planar texture A the number of helical turns is 
6 (d = 20.0 μτη and p0 = 3.3 μιη). This value is also found via the optical rotation mea­
surements. Further we found that m increases by one upon each transformation via the 
square grid perturbations (A—> В; В — > С; В'—> С') and decreases by a half upon a 
transformation due to the spontaneous dislodging process via a disclination line 
(B-—• B'; C-—• C'; C—-* B) (Fig. 5.3). 
TABLE 5.1 
region 
A 
B' 
В 
С' 
The number of helical turns across the 
cholesteric layer in the various planar regions 
optical rotation 
3ψ/3ζ (π/μιη) 
0.149 
0.138 
0.127 
0.120 
Рок. 
(μτη) 
3.35 
3.10 
2.85 
2.70 
d /P
a
lc. = m 
6.0 
6.5 
7.0 
7.5 
In these experiments we observe the peculiar phenomenon that the number of 
helical turns always increases by one via the square grid perturbation. We never observed 
the appearance of planar regions with half an additional helical tum, although such a 
region should be preferred energetically. For whenever a planar region with an addi­
tional half a helical tum nucleates somewhere, it dislodges the planar texture which 
nucleated via the square grid pattern. Clearly the texture obtained directly after the 
appearance of the square grid perturbation is not stable, because it changes ultimately 
into a texture with half a helical tum less 
Another phenomenon worth drawing attention to is that the transitions always 
occur via steps of a whole helical turn during the relaxation process when the field is 
switched off Only the transition from B' to the final equilibrium state A takes place 
via dislodging half a helical tum (single line) This behaviour is probably due to the fact 
that a change of the number of helical turns occurs preferably via a double dischnation 
line instead of a single dischnation line In Fig 5 6 double dischnation lines are shown 
This picture shows the situation where the voltage is switched off just after the nucle-
ation of the new planar region in the square grid pattern (Fig 5 2b) The double lines 
surround newly induced planar regions where the number of helical turns across the 
layer has increased by one 
Fig 5 4 Threshold voltage V
c
 for the electrohydrodynamic dis­
tortions ra the original and induced cholestenc planar textures of 
the a-cyanosttlbene/CN mixture versus the frequency of the 
applied AC field Sample thickness is 20 μτη, the mean conduc 
ttvtty is 2x10'9Ω~tcm' 1 
In the experiments mentioned above, the frequency of the applied field was kept 
at 50 Hz In Fig 5 4 the threshold voltage for the stane distortion in the various planar 
textures is plotted as a function of frequency The curves have the usual shape ob 
served in liquid crystalline layers subjected to an electrohydrodynamic distortion (see 
Section 1 6) Below a frequency f
c
(320 Hz) the so-called conduction regime exists, 
51 
where the threshold voltages are relatively low. Above f
c
 the distortions occur at much 
higher voltages. This regime is called the dielectric regime. Because of the high threshold 
voltage in this regime a voltage with an amplitude below threshold but with a frequency 
above the relaxation frequency f
c
 induces the planar texture again (erasure of the finger­
print memory; see Chapter VI). As indicated in Fig. 5.4, the successive appearance of 
new planar textures takes place in the dielectric regime as well. The differences between 
the various thresholds are approximately constant in the whole frequency range. 
Finally we compare the experimental values, as found in the conduction regime 
and mentioned in Fig. 5.3, and the theoretical values, as calculated in Eq. (2.29), of the 
threshold voltage in the new planar regions, where subsequently pitch contraction 
occurs. The calculations were done with σ//σ^ = 1.25, е^ = 11.0 and assuming w τ < 1. 
The experimental and calculated values are given in Table 5.2. Taking into account that 
the measurement of the ratio α/Ζσ^ and the determination of the elastic constants have 
an accuracy of ± 5%, we may conclude that a reasonable agreement exists between the 
experimental and the calculated values. 
TABLE 5.2 
planar region 
A 
B' 
В 
С' 
С 
number of 
helical turns 
across the layer 
6 
6V2 
7 
7% 
8 
V
c
 (Vrms) 
experimental 
10.0 
13.5 
17.0 
20.5 
23.0 
V
c
 (Vrms) 
calculated 
10.0 
13.0 
16.0 
19.0 
21.0 
5.4 The disclination lines between the successive induced planar regions 
As mentioned above, the transitions between planar regions with a different 
number of helical turns occur via disclination lines. In Fig. 5.5 and Fig. 5.6 a number of 
observed closed disclination lines are shown. The circular-shaped single disclination line 
in Fig. 5.5 surrounds a region with an additional half a helical tum, whereas the double 
disclination loops in Fig. 5.6 surround regions with an additional whole helical tum. As 
shown in these figures the single loop appears to have a continuous shape, while the 
double loops always possess a discontinuity somewhere along the closed disclination line. 
In Section 4.3 we gave a description of the disdinations between regions with different 
numbers of helical turns. These disclination lines were described by Friedel and Kléman 
[11] using the Volterra method. A discontinuity in the number of helical turns across a 
layer can be described in terms of two types of line defects, the λ and τ defects (Fig. 
4.4). The four possible combinations which form a disclination line are shown in Fig. 
4.5. One sees that the \~τ* defect pair can be carried over into а τ'\* defect pair and 
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vice versa by rotating Fig. 4.5a through ninety degrees around an axis parallel to the 
helical axis. Then Fig. 4.5a changes into Fig. 4.5b. The same holds for the τ'τ* and 
λ" λ* defect pairs. As already pointed out, an important difference between the τ and 
λ line defects is the existence of a discontinuous change of the director field at the core 
of the τ line defect, in contrast with the λ line defect. Thus, the λ" λ* defect pair is the 
only combination of line defects without a singularity in the director field and conse­
quently should be preferred energetically to the other ones. 
In the closed single disclination line shown in Fig. 5.5, the λ"τ* defect pair as well 
as the τ~ \* defect pair must exist, because the circle has a continuous shape, i.e. the dis­
clination line is everywhere in the same "cholesteric plane". Consequently the λ" τ* defect 
'·/••• ·. - V ' ^ ^ - N J ,· ·-" 20μη 
Fig. 5.5 Single disclination line surrounding a 
region with an additonal half a helical turn, 
Fig. 5.6 Double disclination lines surrounding 
induced planar regions in which the number of 
helical turns across the layer has increased by 
one; V = 0. 
pair transforms continuously into a τ' λ* defect pair when the disclination is displaced 
over a quarter of the circumference. 
In the case of a closed double disclination line with a continuous shape the τ'τ* 
and λ" λ* defect pairs ought to be present. However, we have never observed such types 
C l 
of lines. Wc always find closed double disclinatíon lines with a discontinuity in the shape 
(Fig. 5.6). This discontinuity arises because of the fact that a double disclinatíon loop 
consists of only one defect pair (τ'τ* or λ" λ* pair). The geometry of such a closed 
double line with a discontinuity is given in Fig. 5.7. This line, described by Bouligand 
[12], is constructed here in such a way that only the λ" λ* defect pair occurs. A similar 
construction can be made for a closed double disclinatíon line with a discontinuity con-
sisting of а τ'τ* defect pair. Going from site a with the λ" λ* defect pair along the dis­
clinatíon to site b and с the disclinatíon line has to spiral to another "cholesteric plane" 
in order to keep the λ" λ* pair. At the site b the λ~ λ* defect pair is shifted a quarter of a 
helical turn up, whereas at the site с it is shifted a quarter of a helical tum down, i.e. the 
difference in position across the layer between the disclinations at b and с is half a 
helical tum. Rotating further away from b and с in order to complete a closed loop the 
defect pairs are shifted a whole helical turn with respect to each other at the crossing 
point. At this point, then, a discontinuity is created that corresponds to the observed 
small tail. 
Fig. 5.7 Closed double disclinatíon line consisting of a \~ \* defect pair. 
From the above-mentioned facts we may conclude that the observed double 
disclinatíon lines consist of λ"λ* defect pairs, because: 1) only one defect pair arises 
in a closed double disclinatíon line with a discontinuity, 2) we never observe closed 
double disclinatíon lines with a continuous shape, i.e. lines consisting of both X~X*and 
τ'τ* defect pairs, 3) a τ"τ* defect pair is accompanied with a higher distortion energy 
of the director field. These observations underline the idea that in practice a λ line 
ς 4. 
defect will occur more easily than a τ line defect. Therefore the fact that a change in the 
number of helical turns across the planar layer occurs preferably in steps of one helical 
tum instead of in steps of half a helical turn should be ascribed solely to the low excita­
tion energy of a λ" λ* defect pair. 
5.5 Influence of the dielectric anisotropy 
The successive creation of new planar regions and square grids is observed when 
an electric field is applied across a planar layer of the a-cyanostilbene/CN mixture. When 
this texture is distorted by an increasing magnetic field parallel to the helical axis, 
however, only the usual square grid perturbation is observed, followed by a further 
rotation of the helical axis and finally by the unwinding of the helical structure. Likewise 
we failed to observe with increasing voltage the successive occurrence of square grids and 
planar regions in the cholesteric planar texture of liquid crystals having a positive 
1 0 0 -
V o l t a g e ( V r m 8 ) 
Fig. 5.8 Trammittance as a function of an increasing voltage 
(0.1 V/s) in the a-cyanostilbene/ROTN-100/CN mixtures. The 
amount of ROTN-100: a) 0%, b) 7.5%, c) 9.5%; d) 13.9% (by 
weight). Sample thickness is 25 цт . 
dielectric anisotropy. Furthermore we never found new planar regions in conventional 
liquid crystals with a small negative dielectric anisotropy. Obviously, this effect is re­
lated to the presence of both the disturbing torque due to the induced space charges and 
the dielectric torque Γ ^ ι ^ ΐ Δ ί ΐ Ε 2 , which stabilizes the cholesteric planar texture. 
Therefore we examined the influence of the dielectric anisotropy, using mixtures of the 
a-cyanostilbene liquid crystal with the liquid crystal ROTN-100 (see Section 5.2). The 
anisotropy of the conductivity was found to be practically constant. The successive 
formation of square grids and planar regions in an increasing electric Held was recorded 
by measuring the transmission of a He-Ne laser beam through the sample cells (sample 
thickness is 25 /im). Fig. 5.8 shows the different transmittance curves for various Δε 
values versus the voltage, which was increased by 0.1 V/s. Curve a clearly shows that 
after the occurrence of the first deformations (the dips correspond to the square grid 
perturbations) the layer returns several times in succession to the transparent planar tex­
ture. Because the rate of increase of the voltage is relatively fast, only planar textures 
occur in which the number of helical turns changes sequentially by one. The transmit­
tance curves for the mixtures with a smaller negative dielectric anisotropy (curves b and 
c) show a decrease in the number of the induced planar textures, which appear also to 
be less stable. In the liquid crystalline mixture with Ae = - 0.6 (curve d) no new planar 
textures are induced at all. The successive appearance of square grids and planar regions 
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Fig. 5.9 Dependence of the electric field (4 kHz) for erasing the storage 
mode in the a-cyanostilbene/ROTN-100/CN mixtures on the dielectric 
anisotropy. The erasure time is 1 s. 
duc to a large negative dielectric anisotropy suppresses turbulence. Consequently, the 
[іщетрті texture (the optical storage mode) which arises from the turbulence after 
the voltage has been switched off can be obtained only by using rather high voltages 
(~ 40 V). 
The erasure of this storage mode can be performed via the dielectric torque using 
a voltage with a frequency above f
c
 and an amplitude below the threshold for the static 
distortion (Fig. 5.4). Since for the dielectric torque it holds Г^^ІДеІЕ 2 , a large 
negative dielectric anisotropy makes it possible to erase the memory fast with lower 
voltages. We investigated this effect for the a<yarostilbcne/ROTN-100/CN mixtures. 
In Fig. 5.9 the square of the electric field necessary for erasing in 1 s is plotted versus 
ІДеГ
1
. As can be seen, an increase of the negative dielectric anisotropy decreases the 
erasure voltage of the storage mode but at the cost of increasing the writing voltage. 
5.6 Conclusion 
The formation of new planar textures during the electrohydrodynamic distor­
tion of a cholesteric planar texture with steady boundary conditions suppresses the 
occurrence of turbulence considerably. The formation and stability of the new planar 
textures depend largely on the magnitude of the negative dielectric anisotropy. In 
liquid crystals with a larger negative dielectric anisotropy the transition from square 
grids to new planar regions is more easily found. In this way the induction of the 
fingerprint storage mode is counteracted. The large difference found between the 
threshold voltages for the electrohydrodynamic distortion in the successively induced 
planar regions is caused by a contraction of the pitch due to an increase in the number 
of helical turns across the planar layer. The observed threshold voltages for square grid 
perturbations in the new textures with pitch contraction agree reasonably well with 
the values calculated with the aid of the corresponding equation for threshold voltage 
derived in Chapter II. With increasing voltage the number of helical rums always increases 
by one, because this situation can occur without the nucleation of singularities in the 
cholesteric texture. 
Finally we should like to remark that the mechanism of pitch contraction is not 
understood. The fact that the number of helical turns increases by an integer value 
can be possibly ascribed to the properties of λ and τ defects. However, the question 
why pitch contraction occurs, remains unanswered. A possible mechanism might be 
sought in the experimental fact that pitch contraction suppresses turbulence. This means 
that the reduction of the energy associated with turbulence outweights the increase of 
elastic energy associated with pitch contraction. Up to the present a theoretical treat­
ment of this effect has not been given. 
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VI. THE FINGERPRINT MEMORY 
6.1. Introduction 
At present the electro-optical effects in nematic liquid crystals aie applied in dis­
play devices. In these displays the information is made visible by means of an electric 
field applied across the liquid crystalline layer. After the field is switched off the infor­
mation disappears rapidly. As distinct from nematics, cholesteric liquid crystals exhibit 
the interesting and important feature that ал optical storage mode can be introduced 
when the cholesteric texture is oriented planarly between the glass plates of a display 
device [1]. These storage effects occur on account of the fact that an electric field can 
induce a perturbation which exists for a rather long time after the disturbing field has 
been switched off. The perturbation is characterized by a more or less parallel alignment 
of the helical axis along the glass plates. This resulting texture is called the fingerprint 
texture because of the spirallike windings that are observed when this texture is viewed 
under a polarizing microscope (Fig. 1.9). The incident light is strongly scattered in this 
state. Application of this effect in a reflective liquid crystal display (LCD) results in a 
milky white contrast with the transparent undisturbed planar state. 
A method of inducing the non-volatile fingerprint memory by means of an elec­
tric field is via the electrohydrodynamic distortion of cholesteric liquid crystals with a 
negative dielectric anisotropy, as already mentioned in Chapters I and V. A disadvantage 
of this storage effect is that for fast erasure a high erasing voltage has to be used 
(105 V/cm). This high voltage is necessary because the negative dielectric anisotropy is 
in general rather small (Δε ** — 1). At present, however, new liquid crystals are available 
that possess a relatively large negative dielectric anisotropy ( Δ ε * 5). As shown in 
Chapter V, the voltige needed to erase the fingerprint texture can be reduced consider­
ably in that case. Unfortunately we have also found that the voltage necessary for induc­
tion of the electrohydrodynamic turbulence becomes larger in liquid crystals with an 
increasing negative Δε. This tendency has been observed in nematic liquid crystalline 
layers too [2]. In the cholesteric layers, however, the increase of this induction voltage is 
more pronounced because the electrohydrodynamic distortion is accompanied by pitch 
contraction. In the previous chapter it was shown that this pitch contraction occurs 
via the nucleation of new planar textures that possess an increasing number of helical 
turns across the layer after induction of the square grid perturbation. After the appear-
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ance of the new planar regions the electrohydrodynamic distortion disappears almost 
completely. The distortion then starts again after the voltage is raised by about 7 V. 
In Fig. 6.1 a plot is given of the squared values of the various threshold voltages Vc for 
square grids in the induced planar textures of the a-cyanostilbene/CN liquid crystal, 
as given in Chapter V (Table 5.2), versus the number of helical turns m across the layer. 
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Fig. 6.1 Threshold dependence on the number of helical turns m 
across the cholesteric planar layer in the successively induced 
planar regions of the a-cyanostilbene/CN mixture. The solid curve 
gives the values calculated with Eq. (2.29). 
The solid curve indicates the values as calculated from Eq. (2.29). This curve, which 
agrees reasonably with the experimental values, suggests strongly that there must be a 
sharp fall of the threshold when the pitch is dilated. In fact a decrease of V
c
 as a con­
sequence of pitch dilation was already observed in the wedge-shaped sample cells used in 
Chapter IV. The calculated curve in Fig. 6.1 indicates that as far as the a-cyanostilbene 
mixture is concerned a decrease of one helical turn across the original planar layer 
should result in a situation in which the planar texture becomes unstable, even in the 
absence of a field. The threshold voltage for square grid perturbations is then zero. Until 
recently, however, chis phenomenon has not been observed 
Recently we found a new method to achieve a dilated helical structure by using a 
liquid crystal that shows both positive and negative dielectric anisotropics due to a di-
electric relaxation In such a liquid crystal the dielectric amsotropy is positive at low 
frequencies and negative at high frequencies [3] In contrast to a cholestenc liquid crys-
tal with a negative Ae the square gnd perturbation in a cholestenc planar layer of a 
liquid crystal with a positive Ae is not followed by turbulence Upon an increase of the 
applied electric field the helical axis aligns perpendicular to the field, after which the 
helical structure is unwound [4,5] (Fig 6 2) Finally the nemaüc texture is obtained 
Fig 6 2 The cholestenc-nemattc phase change m a sandwich cell pro-
vided with planar boundary conditions 
This effect is called the cholestenc-nemanc phase change effect If the electric field is 
switched off after induction of the nematic texture, the liquid crystal does not return 
to the original planar texture It passes first into the fmgerprtnt texture, which relaxes 
slowly to the original planar texture Clearly it is not possible to examine the influence 
of pitch dilation because the planar texture is already disturbed The unwinding and 
afterwards the winding occur when the helical axis is perpendicular to the applied electric 
field The planar texture, however, can be restored instantaneously in the case that a 
liquid crystal is used in which the dielectric amsotropy can be changed from a positive 
to a negative value This change can be accomplished by switching the frequency of the 
applied field to a value above the dielectric relaxation frequency fr as well as the space 
charge relaxation frequency fc 
This chapter reports results of experiments with such a liquid crystal An analysis 
is then given of the distortion of the dilated planar texture of cholestenc liquid crystals 
Finally we discuss some of the opnmum circumstances for induction of the fingerprint 
memory 
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6.2 Experimental conditions 
The liquid crystal used was a 1:1 mixture by weight of 4-»-pentylphenyl 2-chloro-
-4'-(4-n-pentylbenzoyloxy) benzoate and 4-n-octylphenyl 2-chloro-4'-(4-n-heptylben-
zoyloxy) benzoate [6]. This mixture is nematic at room temperature and has a clearing 
point of 115°C. In Fig. 6.3 the dielectric constants of this liquid crystal are plotted as 
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Fig. 6.3 Dependence of the dielectric permittivities on the frequency 
of the applied electric field at 25°С The dielectric relaxation frequency 
f
r
 at which the dielectric anisotropy СД )^ changes sign is 3.2 kHz. 
a function of the frequency of the applied field. At a temperature of 250C the dielectric 
anisotropy changes sign at a frequency of 3.2 kHz, called the dielectric relaxation 
frequency f
r
. The dielectric constants were measured with a Wayne Kerr Autobalance 
bridge with an external frequency source connected to it. In this way the frequency 
could be varied from 50 Hz up to 50 kHz. The liquid crystal was made cholesteric by 
dissolving 2.2 wt % of cholesteryl nonanoate (CN), resulting in a natural pitch p 0 
of 4.4 ± 0.2 μπι. The cholesteric liquid crystal was introduced into a sample cell with a 
spacing of 13.2 μτη. Prior to assembling the cell the glass plates with the transparent 
electrodes were coated with p-xylylene and subsequently rubbed unidirectionally. In 
this way a cholesteric planar texture was obtained. The number of helical turns m across 
the layer was equal to m0 = 3 and the pitch was the natural pitch (po = d/m^). The ob­
servations were made using a microscope with crossed polarizers. 
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5.3 Cholesteric planar textures with a dilated pitch 
We started our expenments by applying an increasing electric field with a fre 
quency below the dielectric relaxation frequency across the cholestenc planar layer with 
nn0 = 3, shown in Fig 6 4a This figure shows an area which is partly situated between 
the electrodes of a sample cell As usual the distortion starts with the occurrence of a 
>quare gnd pattern followed by a rotation of the helical axis to a direction parallel to 
che glass plates, for the dielectric anisotropy is positive in the case of low frequencies A 
Further increase of the voltage results in the unwinding of the helical structure Between 
the crossed polarizers the totally unwound or nematic state looks dark (Fig 6 4b) This 
is due to the fact that the optical axis of the liquid crystalline layer is parallel to the 
newmg direction In Section 6 1 we mentioned that when the nemanc state is reached 
md the field is switched off, the fingerprint texture is formed immediately In the 
:xpenments described here, however, we maintained the electric field across the layer 
md switched the frequency to a value above f
r
 As a consequence of the negative 
Jielectnc anisotropy the liquid crystalline layer passes directly into the planar texture 
In Fig 6 4c the situation is shown after the frequency has been changed The induced 
exture is transparent, but has a different colour from that of the original planar texture 
3Utside the electrode area It was found that the number of helical turns across the layer 
s m = 1% m the induced planar texture This is 1% helical turns less than in the original 
equilibrium state Then, another planar texture nucleates spontaneously at the edge of 
the electrode area (Fig 6 4d) This slowly expanding region is seen to have two helical 
turns across the layer When the electric field is maintained across the liquid crystalline 
ayer, the nucleation of two other successive planar regions is observed In sequence of 
:ntenng the electrode area the number of helical turns is found to be m = 2% and m = 3 
η these regions Fig 6 4e shows the situation which occurs about 30 seconds after the 
iigh-frequency field has been switched on Four planar textures with a different number 
•ή helical turns are present here The planar regions possess an increasing pitch dilation 
r
rom the left to the right and are separated from each other by single Grandjean-Cano 
lisclmation lines, described already in the previous chapters Next the high-frequency 
îeld is switched off in the situation shown in Fig 6 4e Then, the peculiar phenomenon 
jccurs that the planar regions with the largest dilation of the pitch, ι e the regions with 
η = 1 % and m = 2, pass spontaneously into the fingerprint texture (Fig 6 4 0 This 
exture disappears slowly The planar regions with m = 2Уг and m = 3 remain unaffected 
\fter the disappearance of the fingerprint texture, which takes about 30 seconds, the 
jlanar region with originally m = 1% is observed to have changed into a planar layer 
vith m = 214, while the planar region with m = 2 has changed into a region with m = 3 
Fig 6 4g) In both cases the number of helical turns has increased by a whole helical 
63 
electrode area 
(a) (b) 
3 2i 
(e) (0 
2t 3 
(g) 
Fig. 6.4 Texture changes induced by an 
electric field. The layer consists of a choles-
teric liquid crystal that shows both positive 
and negative dielectric anisotropy due to 
dielectric relaxation. The photographs 
show an area situated at the edge of the 
electrodes: a) equilibrium state, b) induced 
nematic state (ƒ<ƒ,); c) pknar texture 
(f>fr); d) and e) the same as photograph с 
after a few seconds, f) after switching off 
the voltage; g) a few seconds kter. (m is 
number of helical turns across the layer). 
tum. It should be remarked that the planar region with m = VA does not change into the 
originai equilibrium state via an increase by 1% helical turns This state reaches the 
original texture via the state with m = 2% and next by dislodging the m = 2% state via 
the single Grandjean-Cano dischnaaon lines 
Next the same experiments were performed again Now, however, the electnc 
field was decreased slowly We then observed that the planar region with m = 1V4 first 
becomes unstable and forms the fingerpnnt texture, and next the planar region with 
m = 2 starts to be perturbed Using a voltage with a frequency of 30 kHz the volt 
ages at which the planar regions with m= VA and m = 2 pass spontaneously into the 
fmgerpnnt texture, were found to be 5 5 V and 3 5 V, respectively 
In Section 6 1 we conjectured that a decrease of the number of helical turns 
across a layer with constant thickness, which results in a pitch dilation, can lead to 
spontaneous instabilities in the planar texture The expenments described above prove 
clearly that this phenomenon really occurs A decrease of only one helical tum results in 
the formation the fingerprint texture 
In the expenments the fingerpnnt texture can be considered as a transition state 
between two planar textures with a mutual difference of one helical tum across the 
layer The transition occurs via a step of one helical turn instead of half a turn, probably 
because such a transition can take place without the introduction of singularities as 
follows from the analysis of the single and double Grandjean-Cano dischnation lines, 
given in Section S 4. The double Grandjean-Cano discbnation line contains the lowest 
line energy An indication of the existence of such disdinauon lines in the fingerpnnt 
texture is found in the following experiment After reaching the situation shown in Fig 
6 4g we apply the high-frequency field again Then we observe that the disappearance of 
the fingerpnnt lines is accompanied by a splitting up of these lines Between the lines a 
planar texture becomes visible In the planar region with m = 2% a planar texture with 
m = VA is observed and in the planar texture with m = 3 we find the planar texture with 
m = 2 between the split lines Thus, the double dischnation lines are formed from the 
fingerpnnt texture 
6.4 The use of the "fingerprint" texture in displays 
The fingerpnnt texture has strong light scattering properties and a rather good 
stability Consequently it can be used as a memory display effect For practical pur-
poses both the generation and the erasure of the memory have to be considered In the 
preceding section we demonstrated that under certain conditions a dilation of the 
cholestenc pitch leads to unstable planar layers The spontaneous distortion results in 
the fingerpnnt texture In order to generate the memory texture in such a way a dilated 
or unwound state of the helical structure must be induced A method to unwind or 
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partly unwind the helical structure of the cholcsteric layer is the cholesteric-nematic 
phase change effect (Section 6.1). Here the fingerprint memory texture is induced by 
tilting of the helical axis and unwinding of the helical structure. 
When this effect is applied in cholcsteric layers with planar boundary conditions, 
a fast return from the fingerprint texture to the transparent planar texture is not pos-
sible. The fingerprint texture can be erased by induction of the nematic state, but the 
layer always returns to the fingerprint texture after switching off the electric field. Con-
sequently a display with a non-volatile memory cannot be realized in this way. 
A non-volatile memory display can be constructed by using a liquid crystalline 
material that exhibits a dielectric relaxation at low frequencies, accompanied by a 
change of sign of the dfelectric anisotropy (Section 6.3). The fingerprint memory can 
then be erased by applying an electric field with a high frequency. Because of the 
negative dielectric anisotropy the fingerprint texture disappears and the whole kyer 
returns to the transparent planar state. 
Until now we have only considered textures with planar boundary conditions. 
When the planar boundary conditions are replaced by homeotropic boundary conditions, 
a new situation arises as far as the erasure is concerned. In that case fast erasure becomes 
possible [7]. Here the director of the liquid crystal near the boundaries is perpendicular 
to the electrodes in the transparent equilibrium state, whereas the director is oriented 
more or less parallel to the boundaries in the middle of the layer. The erasure of the 
fingerprint texture proceeds as follows. First the layer is made nematic by applying an 
electric field with a value above the threshold for unwinding the helical structure, and 
next the electric field is switched off. If the concentration of the cholcsteric component 
in the nematic liquid crystal is not too high (< 6 wt %) the layer returns spontaneously 
to the cholcsteric planar state. It is not entirely clear why this effect occurs in layers 
with homeotropic boundary conditions and not in layers with planar ones. Probably the 
spontaneous occurrence of instabilities in layers with a large dilation of the cholcsteric 
pitch plays an important part. In the experiments described in Section 6.3 it was found 
that the winding of the helical structure occurs slowly via disclination lines after the in-
duction of the dilated planar state by means of a high-frequency field. Repeating these 
experiments done with homeotropic boundary conditions the winding is found to go 
continuously. The appearance of different texture transformations in layers with planar 
and homeotropic boundary conditions might be ascribed to the fact that the continuous 
winding of the helical structure is counteracted by the planar boundary conditions. 
Although a "fast switch off' erasure can be achieved with homeotropic boundary 
conditions, application of this type of display has a practical disadvantage. Memory 
devices based upon homeotropic conditions have less contrast than devices based upon 
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planar boundary conditions. The voltages necessary for the generation and the erasure of 
the fingerprint texture by means of the cholesteric-nematic phase change effect are 
respectively about 8 and 15 V. The induction and erasure of the fingerprint texture via 
the electrohydrodynamic distortion of liquid crystals with a negative dielectric anisotro-
py require much higher voltages. 
6.5 Conclusion 
In the previous chapters it was shown that the measured threshold voltages for the 
static distortion of cholesteric planar layers agree very well with the calculated values 
obtained from the equations as given in Chapter II. Likewise the variation of the thresh-
old values as a consequence of a boundary-induced pitch variation can be predicted with 
these equations. Also the large increase of the threshold voltage in planar layers, accom-
panied by a strong pitch contraction induced during the distortion of a liquid crystal 
with a relatively large negative dielectric anisotropy, satisfies the predictions made of 
this theory. We deduced from these results that a dilation of the cholesteric pitch must 
lead to unstable planar layers. As reported in Section 6.3, this phenomenon is actually 
observed. 
Summarizing we may conclude from the results presented in this thesis that the 
magnitude of the difference between the actual and natural pitch of a cholesteric struc-
ture (pitch contraction and pitch dilation) exerts an important influence on the stability 
of the planar structure. It appears that pitch contraction increases the stability of the 
planar state in contrast to pitch dilation. The pitch contraction which occurs during the 
electrohydrodynamic distortion of cholesteric planar layers consisting of liquid crystals 
with a large negative dielectric anisotropy counteracts the occurrence of turbulence 
necessary for the induction of the fingerprint memory. This means that rather high 
writing voltages have to be used. On the other hand the fingerprint texture can be 
easily erased in this type of liquid crystals because of its large negative dielectric ani-
sotropy, i.e. for fast erasure low voltages are needed. 
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SUMMARY 
During the last few years there has been a very rapid increase in the applications 
of liquid crystals in display devices In these displays (LCDs) liquid crystals are used to 
modulate the incident light Because the electro-optical effects occurring in liquid 
crystals can be applied at low voltages and the power consumption is small (μ\ν), LCDs 
can be applied most conveniently in battery-operated devices At present LCDs are 
typically found in electronic wnstwatches and pocket calculators The modulation 
of the incident light occurs because of the anisotropic electrical and optical properties of 
liquid crystals The anisotropic properties anse from the rodlike shape of the molecules 
and the long range ordering between the orientations of the molecules Upon application 
of an electric field the orientation is changed because of the dielectric amsotropy The 
reonentanon becomes visible because of the optical amsotropy 
The disadvantage of these LCDs is that the electro-optical effects do not possess a 
memory Consequently Ome multiplexing of these displays is difficult This driving 
method is a way to reduce the number of electric connections between the display and 
the circuitry However, a drawback of this method is that each element of a display has 
to be supplied with a driving voltage for a short time only Therefore it is desirable to 
have an electro-optical effect with a memory 
In view of this situation it is important to examine electro-optical effects that do 
have memory properties It is known that memory effects occur in a certain class of 
liquid crystals, the cholestenc class In this class the molecules are oriented in a helical 
way If this materia] is sandwiched between two glass plates, it can be onented in such a 
way that the helical axis is perpendicular to the glass plates Then the rod-shaped mole­
cules are parallel to the glass plates and the direction of the long axis rotates uniformly 
across the layer This orientation is called the cholestenc planar texture and is obtained 
by a specific treatment of the glass plates Upon application of an electnc field the 
onentanon of the molecules is disturbed After the field has been switched off the 
layer does not return to the onginal onentanon On the contrary it "freezes" into an 
onentanon which scatters the incident light strongly This memory texture, called the 
fingerpnnt texture, can be erased by means of a voltage with different frequency and 
amplitude 
In this thesis some aspects concerning memory effects are investigated in order to 
gain insight into the possibility of display apphcanon The electnc field-induced dis 
tornon of the cholestenc planar layer occurs above a certain threshold value This per­
turbation is observed as a square gnd pattern This square gnd perturbation was the 
subject of investigation some years ago Calculations performed by Helfrich and Hurault 
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resulted in an equation which gives a relation between the threshold voltage for the 
square grid perturbations and the number of helical turns across the planar layer. The 
influence of the deviation of the helical pitch from its equilibrium state could not, 
however, be predicted. In practice it was shown that a pitch contraction and a pitch 
dilation have a strong influence on the threshold value. Λ pitch contraction imposed by 
the boundary conditions on the glass plates increases the threshold voltage, whereas a 
dilated pitch decreases it. In Chapter II a new equation is derived which describes this 
influence. In Chapter III the experimental conditions and the methods for determining 
the relevant physical constants are described, and in Chapter IV the new equations for 
the threshold and the wavelength of the square grids are tested. Good agreement exists 
between the calculated and experimental values. 
In Chapter V a new phenomenon is reported. If an electric field is applied across a 
planar layer of a cholesteric liquid crystal with a rather large negative dielectric anisotro-
py, the induced square grid pattern disappears spontaneously. The square grid perturba­
tion appears at a higher value of the electric field and disappears again. We found that 
the spontaneous transition from the disturbed to the undisturbed planar texture is 
accompanied by pitch contraction. The threshold values at which the spontaneously 
generated planar textures with their increasing number of helical turns can be distorted 
are predicted reasonably well with the equation for the threshold voltage, derived in 
Chapter II. 
The occurrence of new planar textures during the induction of the distortion has 
a considerable counteracting effect on the appearance of the memory texture. The vol­
tage for writing the memory is higher in these liquid crystals with a large negative di­
electric anisotropy. On the other hand, application of these liquid crystals enables us to 
erase the memory fast and at low voltages. 
Just as pitch contraction increases the threshold voltages for perturbations sharply, 
strong dilation of the pitch reduces the threshold considerably. This must finally lead to 
unstable planar textures. In Chapter VI it is shown that this behaviour is indeed found. 
The calculations and experiments performed in this thesis show clearly that the 
situation in which the pitch of the cholesteric planar texture is found with respect to 
its equilibrium value, has a very marked influence on the field-induced distortion. In 
applying the storage effects in cholesteric liquid crystals this behaviour has to be taken 
into account. 
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SAMENVATTING 
De afgelopen jaren is het gebruik van vloeibare kristallen in wecrgeefpanelen (dis-
plays) stormachtig toegenomen. In deze displays (LCD's) worden de vloeibare kristallen 
aangewend om het omgevingslicht te moduleren. Aangezien de elektro-optische effecten 
in vloeibare kristallen bij spanningen van enkele volts optreden en het energiegebruik 
zeer gering is (pW), zijn ze zeer geschikt voor displaytoepassing in batterij-gevoede 
toestellen. Op dit moment worden LCD's met succes toegepast in elektronische horloges 
en zakrekenmachines. Het lichtmodulerend effect is een gevolg van de anisotrope elek-
trische en optische eigenschappen van vloeibare kristallen. De anisotrope eigenschappen 
spruiten voort uit de langgerekte vorm van de moleculen samen met een lange-afstands-
ordening van de oriëntaties van de moleculen. De dielektrische anisotropie leidt, bij 
aanleggen van een elektrisch veld, tot verandering van de oriëntatie van de moleculen. 
De optische anisotropie (van de brekingsindex of absorptieconstanten) maakt het mo-
gelijk deze verandering zichtbaar te maken. 
Een nadeel van deze LCD's is dat de elektro-optische effecten geen geheugen-
werking vertonen en dientengevolge niet met een rijdmuMplexmethode aangestuurd 
kunnen worden. Deze methode is noodzakelijk om bij displays met een groot aantal 
beeldpunten het aantal elektrische aansluitingen te beperken, maar heeft als nadeel dat 
elk beeldpunt slechts gedurende een korte periode bekrachtigd wordt. Daarom moet het 
te gebruiken effect bij voorkeur een geheugen bezitten. 
Gezien deze situatie is onderzoek van elektro-optische effecten met een geheugen 
belangrijk. Het is bekend dat in een bepaald type vloeibare kristallen effecten met een 
geheugen voorkomen. Deze vloeibare kristallen behoren tot de cbolesteriscbe klasse. In 
deze klasse bezit het vloeibare kristal een helixvormige oriëntatie van de moleculen. 
Wanneer dit materiaal zich in een dunne laag tussen twee glasplaten bevindt, kan het 
met de helixas loodrecht op de glasplaten gaan staan. De enigszins langgerekte moleculen 
zijn dan evenwijdig aan de glasplaten gelegen, terwijl de richting van de lange as schroef-
vormig draait door de laag. Deze oriëntatie wordt het cholesterische planaire rangschik-
kingspatroon ("textuur") genoemd en wordt verkregen door de glasplaten met een ge-
schikt materiaal te bedekken. De planaire oriëntatie kan met een elektrisch veld ver-
stoord worden. Het blijkt nu dat na uitschakelen van het elektrisch veld de oorspron-
kelijke oriëntatie niet wordt ingenomen. Integendeel het vloeibare kristal "vriest vast" in 
een oriëntatie, die in tegenstelling tot de oorspronkelijke evenwichtstoestand, het door-
vallende licht sterk verstrooit. Deze geheugentextuur, "vingerafdruk"patroon genoemd, 
kan vervolgens met spanningspulsen van een iets andere vorm gewist worden. 
In dit proefschrift worden enkele aspecten aangaande het geheugeneffect nader 
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onderzocht teneinde inzicht te krijgen in de eventuele mogelijkheden voor display-
toepassing. De d.m.v. een elektrisch veld gefnduceerdc verstoring van de cholestcrischc 
planaire laag vindt plaats boven een bepaalde drempelwaarde. Deze verstoring wordt 
als vierkante domeinen waargenomen. In het verleden waren deze verstoringen reeds het 
onderwerp van theoretische berekeningen. De berekeningen resulteerden destijds in een 
vergelijking die een relatie geeft tussen de drempelspanning, waarbij deze verstoring gaat 
optreden, en het aantal windingen van de helix in de planaire laag. Het bleek echter dat 
de invloed van een afwijking die de spoed van de helix t.o.v. de evenwichtstoestand kan 
vertonen niet te beschrijven is met de gevonden vergelijking. Experimenten wezen uit 
dat het indrukken en uitrekken van de spoed een grote invloed heeft op de waarde van 
de drempelspanning. Een t.g.v. de randcondities aan de glasplaten ingedrukte spoed 
verhoogt de drempelspanning, terwijl een uitgerekte spoed de drcmpclspanning verlaagt. 
In hoofdstuk II wordt een nieuwe vergelijking afgeleid waarmee deze invloed wel kan 
worden beschreven. Nadat in hoofdstuk III de experimentele omstandigheden en de 
meetmethoden voor de te gebruiken fysische grootheden zijn gegeven, wordt in hoofd-
stuk IV de nieuwe vergelijkingen voor de drempelspanning en de periodiciteit van de 
verstoring getest. De berekende en experimentele waarden blijken goed overeen te 
komen. 
In hoofdstuk V wordt melding gemaakt van een niet eerder waargenomen ver-
schijnsel. Wanneer een elektrisch veld wordt aangelegd over een planaire laag bestaande 
uit een cholesterisch vloeibaar kristal met een relatief grote negatieve dielektrische aniso-
tropie, blijken de geïnduceerde vierkante domeinen weer spontaan te verdwijnen. De 
verstoring blijkt opnieuw op te treden bij een hogere waarde van het elektrische veld. 
Ook deze verstoring kan weer verdwijnen. Onderzoekingen wijzen uit dat de spontane 
overgang van een verstoorde naar een ongestoorde planaire textuur gepaard gaat met een 
contractie van de spoed van de helix. De drempelspanningswaarden voor de verstoring 
van de spontaan gevormde planaire texturen met toenemend aantal windingen komen 
redelijk overeen met de waarden berekend met de in hoofdstuk II verkregen vergelijking. 
Het ontstaan van nieuwe planaire texturen tijdens het induceren van de verstoring 
heeft een nadelige invloed op de uiteindelijk te creëren geheugentextuur. De spanning, 
waarmee het geheugen ingeschreven wordt, ligt bij deze vloeibare kristallen met grote 
dielektrische anisotropie hoger. Anderzijds zou toepassing van deze vloeibare kristallen 
de vrij hoge spanning die nodig is om het geheugen in vloeibare kristallen met een kleine 
negatieve dielektrische anisotropie redelijk snel te wissen kunnen verlagen. 
Zoals contractie van de spoed de drempelspanning voor verstoringen sterk doet 
toenemen, zo zal het uitrekken van de spoed tot verlagen van de drempelspanning en 
zelfs tot spontane verstoringen aanleiding moeten geven. In hoofdstuk VI wordt nader 
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ingegaan op dit gedrag. Inderdaad kan worden aangetoond dat de voorspelde verschijn-
selen in de praktijk voorkomen. 
De in dit proefschrift beschreven berekeningen en experimenten tonen aan dat 
de situatie, waarin de spoed van de cholesterische planaire textuur zich bevindt, van 
grote invloed is op de aan te brengen verstoring. Bij toepassing van het geheugeneffect 
in cholesterische vloeibare kristallen zal hiermee rekening gehouden moeten worden. 
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